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1. PURPOSE 

This publication has been prepared by the Marine Corps Institute 
for use with MCI course, Automotive Fuel and Exhaust Systems. 

2. APPLICABILITY 

This marual is for instructional purposes only. 



^K/.J. LLOYD 
Lieutenant Colonel, U. S. Marine Corps 
Deputy Director 




INFORMATION 
FOR 

Ma STUDENTS 



Welcome to the Harlne Corps Institute training program. Your Interest In 
self -Improvement and Increased professional competence Is noteworthy. 

Information Is provided below to assist you In completing the course* 
Please rend this guidance before proceeding with your studies. 

1. HATERIALS 

Check your course materials. You should have all the materials listed In 
the "Course Introduction." In addition you should have enough envelopes to 
mall all lessons back to MCI unless your lesson answer sheets are of the 
self-mailing type. If your answer sheets are of the preprinted type, check to 
see that you** name, rank, and social security number are correct. Check 
closely, your MCI records are kept on a computer and any discrepancy In the 
above Information may cause your subsequent activity to go unrecorded* You 
may correct the Information directly on the answer sheet. If you find a 
discrepancy and correct It, ensure that you correct this Information on all 
your answer sheets. If you did not receive all your materials, use the 
enclosed Student Request/Inquiry (MCI-R14_J to notify MCI of this fact and 
what you require. (Note: The MCI-R14_may be mailed to MCI without envelope 
or stamp). 

2. LESSON SUBMISSION 

Submit your lessons on the answer sheets provided. Complete oil blocks 
and follow directions on the answer sheet for mailing. In courses In which 
the work Is submitted on blank paper or printed forms. Identify each sheet In 
the following manner: 

DOE, John J. Sgt 332-11-9999 

44.1, Pr ocedures of Legal Administration 

Lesson"; 

Military or office address 
(RUC number, If available) 

Otherwise, your answer sheet may be delayed or lost. If you have to 
Interrupt your studies for any reason, contact your training NCO who will 
request a single sly month extension of time, which Is added to the original 
Course Completion Deadline (CCD) date. If you are not attached to a Marine 
Corps unit you may make this request by submitting the enclosed MCUR14 , or 



by calling the Registrar Division on AUTOVON 286-4175/2299/6293 or commercial 
(202) 433-5174/2299/2691. You are allowed one year from the date of 
enrollment to complete this course. Your commanding officer 1s notified of 
your status through the monthly Unit Activity Report. In the event of 
difficulty, contact your training NCO or NCI Immediately. 

3. ENROLLHEKT/HAIL TIHE DELAY 

Presented below are the Enrollment/Hall Time delays. Column I represents 
the First Class mall time from MCI to the designated geographical location or 
from your location to NCI. All correspondence Is sent via First Class mall. 
Course materials are sent via Special Fourth Class Book Rate.) You should add 
five working days for our processing. Example: Eastern U.S. - 3 days mailing 
time to MCI + 5 working days MCI processing + 3 days mailing time back to the 
unit • 11 days. Column II represents Regular Mall from the time when the 
enrollment application U mailed until the unit receives the course. 
Example: Eastern U.S. - Enrollment application 3 days mailing time to MCI + 5 
working days NCI processing + 6 days mailing time to the unit ■ 14 days. 



GEOGRAPHIC AREA COLUMN 1 COLUMN 2 

EASTERN U.S. 3 14 

WESTERN U.S. 4 19 

FPO NEW YORK 5 21 

DEPT. OF STATE MARINE 7 24 
SECURITY GUARD 

HAWAII (MON-FPO) 5 12 

FPO SAN FRANCISCO 7 27 

FPO SEATTLE 6 23 



Note : These times represent the service standard. The actual times may 
vary. If the delay you are experiencing Is excessive, please contact the MCI 
Registrar by phone, message, or letter, so that we may take action. 

4. GRADING SYSTEM 



LESSONS EXAMS 

6RADE PERCENT MEANING GRADE PERCENT 

A 94-100 EXCELLENT A 94-100 

B 86-93 ABOVE AVERAGE B 96-93 

C 78-85 AVERAGE C 78-85 

D 70-77 BELOW AVERAGE D 65-77 

NL BELOW 70 FAILING F BELOW 65 
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You will receive a percentage grade for your lessons end for the final 
examination, along with a reference sheet (MCI R69), Indicating the questions 
Incorrectly answered. All lessons must be COMPLETED AND PASSED before you 
will be administered an exam. The grade attained on the final exam 1s your 
course grade. 

5. FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you submit your LAST LESSON, your exam will 
be mailed automatically to your commanding officer. The administration of MCI 
final examinations must be supervised by a commissioned or warrant officer, or 
a staff NCO (equivalent or higher), and It must be validated by the 
administrator. 

INACTIVE DUTY OR CIVILIAN EMPLOYEE: The exam may be Supervised by a 
director of civilian personnel, civilian training officer, clergyman, or local 
school official 

6. COMPLETION CERTIFICATE 

The completion certificate will be mailed to your commanding officer. For 
non-Marines, It Is mailed to your supervisor or directly to you, as 
appro prl ate. 

7. RESERVE RETIREMENT CREDITS 

Reserve retirement credits are awarded to Inactive duty personnel only. 
Credits awarded for each course are listed In the "Course Introduction" and 
are only awarded upon successful completion of the course. Reserve retirement 
credits are not awarded for MCI study performed during drill periods If 
credits are also awarded for drill attendance* 

8. D1SENR0LLMENT 

Only your commanding officer can request your dlsenrollment from an MCI 
course since this action will adversely affect the unit's completion rate* 

9. ASSISTANCE 

Consult your training NCO In the event of course content problems. If he 
Is unable to assist you, MCI 1s readly to help you whenever you need It. 
Please use the enclosed Student Course Content Assistance Request (T&E*1) or 
call the Autovon telephone number listed below for the appropriate course 
writer section. 

PERSONNEL/ADMINISTRATION/LOGISTICS/CORRECTIONS 298*3259 
CDMMUN1CAT10NS/ELECTR0N1CS/AV1ATI0N/NBC 288-3604 
INFANTRY , 288*3611 

ENGINEER/MOTOR TRANSPORT/UTILITIES 288-2275 
SUPPLY/FOOD SERVICES/FISCAL 286-2285 
TANKS/ARTILLERY/SMALL ARMS REPAIR/ AAV 288*2290 

For administrative problems call the MCI Hotline: 288*4175 

For conmerclal phone lines, use erea code 202 and prefix 433 Instead of 

286. 



6 



10, STUDY HINTS 

Ry oeroUtng to thle eooree, you have 
ehooa • doolre to Improre the okllle you 
need tor effective Job performenee, and 
MCI hue provided motortolo to btlp yon 
ethteve your goat Now all you aetd It 
to drntop your owo method for uttog 
meet mete rule to boot edwutagt. 

The following goldollaeo preeeat • tow 
part oepreech to completing your Ma 
turn oocceoefullvt 



"of 



p) Mekee • 

your metorlale; 



gj Plan your otody Urn* en 
• food otody environment; 



otteelly; 
0) Prepare for the float 



MAKE A ♦'RECONNAISSANCE' 
YOU It MATERIALS 



OF 



Begin «tth • look et tlit oooroo 
tetroductlon 0040. Rood the COURSE 
INTRODUCTION to get tot fj|g 
picture** of the eouree. Thee rood the 
MATERIALS eectten near the bottom of 
the page to find out which text UT end 
otody eldo you ohooU hove received with 
the eouree. tf any ef the Itoted mnttrlalc 
ore mleolng, 000 paragraph 1 of thle 
pamphlet to ftod oat how to get them* If 
you hove everything that to listed* you 
•re reedy to fecoaaottor' yew MCI 




Reed through the tebtelt) of contents 
of yoor tostfe). Rote the various oubjeete 
oovored In the eooree end the order In 
which they ore taught* Leaf through the 
toetU) and took ot the II luet retime. 
Road 0 few leoaon questions to get en 
Mto of the typeo that are etked. If 
MCI provide 0 ether otody eldo, aueh 00 
0 olldt rule or 0 plotting board, fomtllertie 
youreelf with them. Mow, got down to 
opecweot 



S 
T 
U 
D 
Y 

G 
U 
I 

D 
E 



b. PLAN TOUR STUDY TIME AND CHOOSE 
A OOOO STUDY ENVIRONMENT 

From looking over the eooree materials, 
you should have nemo Wee of how much otody 
you will need to eomptete thle eooree. Ret 
"eome Wee" le not enough. You need to 
work up 0 pertonol otody plant the following 
•tope ehooM give you noun 



@ Oot 0 calender and mark mono tfnyo 
of the week when you have time free for otody. 
Two otody periods per week, each totting 1 
to S heart, an ouggeoted for completing the 
minimum two lactone required oath 
by MCI. Of eooree, work and aw 
are not the oame for everyone. The 
tont thing In that you eehedete a regular time 

dart of each 




Mi 



© Read the coerce introduction page 
again. The eectton marked ORDER OF 
STUDIES tolls you the number of teooone In 
the eouree and the atproaJeaete number of 
■tody fcouro you will need to complete oocb 
looted. Ptoi thete ot ud* toi tato roar 
achedule. For aaamnle. if you oet aside twe 
S-hour otody periods eaeh week and the ORDER 
OF STUDIES ootlmatoo S otody houro for 
your flrot letooa, you coaM coolly oehodule 
and complete the first lea too to one ttudy 
period. On your calender you would nark 
**Leeeon 1 " on the appropriate day. Suppooe 
that the oecond leoooa of your eouree requires 
S otody hoort. In that caac. you would divide 
the leoaon In half and work on each half 
during 0 oeporeto otody period. You would 
merit your calender accordingly. taJtcete on 
year calendar oaoctly whoa you pten to work 
on each loocon for the entire court*. Do not 
forget to oehodule one or two otody perlodo 
to prepare for the final 



BEST COPY AVAILABLE 
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BEST COPY AVAILABLE 



0 Stick to your eehadule. 

Beetdee planning your atady Wme, 7** 
should also chooM a atady environment that 
ta right tor you. Moat people Mid a quiet 
piece for atudy, like a library or • reading 
lounge; other people study better «har* 
thtrt ta background music; attU ot tiara prefer 
to atady out*of-doors. Yon moat ehooao year 
atudy environment eerefully to that It fita 
yoor Individual needs* 

O. STUDY THOROUGHLY AND 
SYSTEMATICALLY 

Armed with a workable schedule and 
altuated to a good atudy environment, yoo 
are now ready to attack your course. Uaaon 
by lesson. You will find your ttret atody 
naatgnmeht and yoor ftrat written eoatgnmeot 
on page 1 of leaaon 1. On tola page yoo will 
ateo And the leaaon objective, a atatemeot 
of what yoo shouM bo able to do after com* 
plating the aaalgnmenta. 

DO NOT begin by reading the leaaon 
questions and flipping through toe test for 
unaware* If yoo do no. you win prepare 
to fail* not pane, the Anal exam, Instead, 
proceed aa foltowa: 

0 Read the atady aealgnmente care- 
fully. Make notee on the Ideee yoo feel are 
Important and mark any portion yoo have 
difficulty understanding. 




0 Reread the porttona you marked 
ta etep 0 • When you have mnatered 
the atady eeetgnment* atari to wort: on 
the wiitteo aaatgnment* 

0 Read each que at loo In the written 
aaatgnment carefully* 

0 A newer all oueetlane that you are 
euro of and leave the other* blank. 

S 



© Reread the porttona of toe atady 
a alignment that axptnln the Items you left 

(f) Complete toe written eeelgnment and 
aendlt to MCt for grading. 

0 Co en to toe next Uaaon. 

Follow the same procedure for each 
lesson of the course* If yen have problema 
with the text or lesson questions that yoo 
cannot solve on year own* nek yoor section 
OIC or NCOtC for help. If he cannot eld 
yoo. request analetanee from MCI en the 
MCI Student Course Content Aeeletoneo 
Request Included In tola pamphlet* 

When yoo have paeeed the final leaaon, 
the final axam will be aent to yoor training 
officer or HCO* 

d. PREPARE FOR THE PINAL EXAM 




How do yoo prepare for the fine! exam? 
Follow these three etapa: 

0 Review eeeh leaaon objective ee a 
summary of what waa taught ta the couree. 

(£) Reread all portion* of the text that 
you found particularly difficult. 

0 Review all the lesson questions, 
paring special attention to those yoo mleeed 
the first time around. 

If you follow these simple steps, yoo 
ehould do well on the ftnat COOO LUCKf 
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 



Course Introduction 

AUTOMOTIVE FUEL AND EXHAUST SYSTEMS Is designed to provide coverage of the 
construction, operation, malfunction diagnosis, maintenance and repair of the fuel and exhaust 
systems used in Marine Corps vehicles. This course Is for Marines In the grades of private 
through sergtant in MOS's 3521 and 3522, 



ORDER OF STUDIES 



Reserve 

Lesson Study Retirement 

Nmuhur Hours Credits 

1 2 0 

2 2 1 

3 2 1 

4 J 0 

5 2 1 
2 1 

12 4 



SnblecJ Matter 

Fundamentals of Gasoline Engine FUel Systems 
Maintenance of Gasoline Engine FUel Systems 
Fundamentals of Compression* Ignition Fuel 
Systems 

Maintenance of Compression-Ignition Engine 

Fuel Systems 
Construction and Operation of Exhaust Systems 
FINAL EXAMINATION 



EXAMINATION; 
MATERIALS; 



RETURN OF 
MATERIALS; 



Supervised final examination without textbooks or notes; time limit, 2 hours* 
MCI 35* 25a* A utomotive Fuel and Exhaust Systems* 
Lesson sheets and answer sheets* 

Students who Successfully complete this course are permitted to Keep the 
course materials* 

Students dlsenrolled for inactivity or at the request of their commanding 
officer will return all course materials* 
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This course has been designed *o provide sergeants and below, in MOS's 3521 and 3522, 
with a source o f study material on the automotive fuel and exhaust systems utilised in vehicles 
in the motor transport field* 



SOURCE MATERIALS 



TM 9*ft000 Pr in ciples of Automotive Vehicles, Jan 1956 

TM 9-2320-211-20 Truck, Chassis, 5- ton, 6x6, Jun 1973* w/ch 2, 20 May 78 

TM 9-2320*211-35 T ruck, Chassis* 5^ ton, 6x6. Sep 1964* w/ch 5 

T\t !>-2320-21ft-20 Truck. Utility, 4x4. M151, M151A1, M1MA2. Sep 1971 

w/ch 4* 1 Dec 75 

TM 9-2815-210-34 Engine Assembly* Diesel (MultlfueU: Naturally Aspirated 

or Turbo Charged* Fuel -Injected* Water Cooled* b Cylinder 
June 1978 
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Chapter I 



FUNDAMENTALS OF GASOLINE ENGINE FUEL SYSTEMS 
1-1* INTRODUCTION 

A typical gasoline fuel system consists of the fuel tank, main fuel lines, filters, fuel pump* 
air cleaner, carburetor, intake manifold, and governor* Von wilt be taught the purpose of these 
parts and in general how they operate* This fttudy unit will start with the whole fuel system and 
then go on to the specific parts in the order listed abo/e* 

1-2* THE FU^L SYSTEM 

n* TVrpose, The fael system stores liquid fael and delivers It to the engine* In mai J ways 
;i tfasnlfou engine fuel system can be compared to e simple water supply system (ftg l-lh Notice 
in the illustration that both systems contain components that store and deliver fluids* 



ommwk v k mm mm swwr stsnn to 

A GASOUKC EM At HUL mW SYSTEM 




f-Jf snutt Tim 

{tttt&T~* 



Fig Ul t Fuel supply system* 

b* Components* Although the location of components may vary according to the type of vehicle, 
each fuel system will contain approximately the same components as shown in figure 1*2* 
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1-3, THE FUEL TANK 

a. Purpose, Fuel 1* stored In the fuel tank, the location of which la not too Important* You 
will see many vehicles, especially the heavy trucks, that have fu*l tanks mounted on either or both 
sides In front of th" rear wheels, So*r e tanks will be located under the driver's seat* 

b. Construction * Most fuel tanks are made of thin steel sheets which are shaped to form a tank* 
The seams of the atett sheets are usually crimped or welded to make the tank leak proof* 

(I) M-151, l/4-ton ^ truck fuel tank (fig l->3)* This tank Is coate*) Inside and out to prevent 
rust* The coating used *s called ternepiate, which Is an alloy of tin and lead* A funnel- 
shaped screen normally fits Inside the filler neck on military vehicles to filter fetral*) 
the gasoline before It enters the tank* Such a screen Is not usually found In the fuel tanks 
of civilian vehicles* The screen Is easily removed for cleaning* On military vehicles 
the fuel tank cap seals the filler neck when It Is properly tightened* Military vehicles 
must be able to ford bodies of water, so the filler neck and all other openings In the tank 
must be waterproof* (Figure i-3b shows an exploded view of the M*151A2 fuel tank*) 



(2) Fuel tank for 2 1 /2* and 5 -ton trucks (fig 1-4), This tank has a drain plug, baffle plates, 
and an outer pipe* The drain plug sere wo Into a threaded hole In the sump (lowest point) 
of the tank* it can be removed to drain any water and trash that may get Into the tank. 
Inside the tank la a serlea of baffle platea* The purpose of these plates Is to strengthen 
the tank and to reduce the sloshing around of the fuel* Fuel will evaporate rapidly If It 
iloshes around In a container, especially In hot weather* Furthermore, the sloshing 
fuel can generate static electricity* and a spark In the fuel tank can cause an explosion* 
The baffles do, however, allow the fuel to move from one section of the tank to another 
through notches or holes In the plate* The outlet pipe* which Is also called a pickup tube* 
la usually Inatalled through the top or the side of the fuel tank* The bottom tip of the pipe 
Is placed about < ne half of an fach cbove the bottom of the tank to reduce the chances of 
picking up water or trash* Often the tip end of the pipe Is shielded by a screen or some 
otlior type of filter to keep the trash from entering the tank outlet tube* 




Fig 1-3A* M-151 fuel tank. 



Fig 1-3B* 



M-151A2 fUel tank* 



u 



Fv#l Hn* ptrltup 




Fig 1*4* Fuel tank for 2 1/2* and 5-ton trucks* 

Ci Ventilation tflg 1 -5). All fuel tanks must be vented so that air from the outside can fill up 
the space left by the fuel as It Is drawn from the tank* The vent also allows any air In the tank 
to escape If the fuel In the tank expands* The fuel will always expand {take tip more room) when 
the vehicle Is left standing In the hot sun* On most civilian vehicles the tank is vented by a small 
hole In the gas tank cap* On military vehicles the vent is a leak-proof tube that connects the tank 
to the carburetor air cleaner* Sometimes the fuel pickup and vent tubes are placed dose together* 
You can* however, tell which tube is which because the vent tube is smaller than the fuel ptekup 
tube* (Fig L~5B shows the fuel tank with vapor canister and vapor ventllnes for emission control 
used on the M*L5LA2 (clean air engine))* The fuel tanks on all military vehicles aleo include a 
fuel #igc sending unit (fig 1*6) which Is connected by on electrical wire to the fuel gage on the 
vrhlclr Instrument panel* Tht gage Is often thought of as a port of the fuel system and not of the 
fuel tank* 
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Kngine / Vent Tube 
Air Cleaner' 



Fuei Tank 



KIr 1-5A. f\wl tank ventilation. 
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lift l-M** Kucltank* fuel vupor rant&ti'r* 
and vapor vcriLllucH (I'mUmlmi 
control)* 
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Fig l -6* Fuel gage* 

1-4, MAIN FUEL LINE 

Fuel from the tank la delivered to the engine compartment bv the main fuel line* This line 
Is usually made from copper or steel tubing and t& secured to the *rame by clamps or cllpa to reduce 
the chances of breakage* At the engine compai mem% a flexible hose Is used to connect the main fuel 
line with the filter or the fuel pump* Without this flexible hose, the main fuel Une would probably 
be broken because of the vibration between the engine and the frame* 

l*5 t FUEL FILTERS 

a. Purpose * Filters are uaed to remove foreign substances (trash) from the fuel that could 
degrade engine performance or clog fuel passages* 

b* Location* Carburetors contain many small passages that can be easily clogged by trash* 
For this reason, fuel filters are located somewhere between the fuel tank outlet p-pe and the 
carburetor* Often the filter la located between the fuel pump and the tank* On some vehicles the 
filter Is placed inside the tank where It can filter the fuel before It enters the outlet pipe, 

c* Function, A cemmon type of filter that Is connected in the fuel line la shown In figure l -7* 
The cover or top contains th*» Inlet and outlet passages* The strainer (filter element) to made of 
round metal dlaks set very close together* A sediment bowl encloses the filter element and Is sealed 
ngainst the cover by a gaaket* During operation* fuel flows into the sediment bowl through the 
inlet paasages in the cover* Once inside the bowl, fuel passes between the disks Into the center of 
thf* element and on through the cover outlet passage* Pieces of trash or particles of dirt that enter 
the filter are too large to P&as between the disks* They are stopped at the outer edge of the disks 
and then drop to the bottom of the sediment bowU This filter will also trap water* Water in 
gasoline usunlly forms Into small balls or droplets that are too large to pass between the dlaks* so 
they* too* fall to the bottom of the sediment bowl* The water and trash that collect to the sediment 
bowl can be removed by unscrewing the drain plug in the bottom of the bowl 4 Other filter* function 
in a sinitlnr manner but may ttne ;i ceramic filter element or one made of ftome other material* 
Mont filter element** can be removed for cleaning* 




Fig 1-7, Fuel filter* 



1-6, FUEL PUMPS 

a, Purpose, The fuel pump draw* 1 fuel from the tank and delivers tt to the carburetor* The 
pump must deliver enough fuel for engine operation regardless ctf how heavy the load Is* In addition* 
It keeps the fuel In the line between the carburetor and pump under pressure* Pressure In the Uite 
reduces the possibility of the fuel vaporizing (boiling) due to the heat from the engine* 

b, Types* Fuel pumps are generally classified either as positive or nonpostUve* 

A) Positive tone fuel pump* The positive type will pump fuel continuously any time the engine 
ia running* This type of pump must have some means of bypassing the fuel that the engine 
does not use* Vehicle© with positive type pumps usually bypasa excess fuel back to the 
fuel tank or to the Inlet etde of the fuel pump. When the pressure In the fuel pump to the 
carburetor line exceeds a set amount* the bypass valve will open and allow the excess fuel 
to return to the fuel pump. 

(2) Nonpositive type fuel pump (tig 1-8), The nonpoeitlve type pump supplies fuel only when 
tt Is needed* Therefore, a fuel bypass Is not needed with this type of pump* The fuel 
pump most widely used on wheeled* vehicle gasoline engines Is the nonpoeitlve diaphragm 
type. This type of pump Is usually operated mechanically by the engine* The operating 
linkage of the pump consists of a rocker arm, a link* and a spring* A flexible, rubber* 
like diaphragm u hooked to the link by a rod. The diaphragm Is clamped at Its outer 
edges by the two halves of the pump body* The pumping chamber Is the area between the 
diaphragm and valve assemblies* 
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Fig 1 »8 # N on positive -type fuel pump* 

The fuel pump Is mounted on the engine with its rocker arm In contact with an eccentric 
(oft center) cam on the engine camshaft (fig 1*0)# As the eccentric turns. It forces the 
rocker arm and link to pivot (htm) on Its pin and pull the diaphragm down* The downward 
movement of the diaphragm compresses the diaphragm spring and enlarges the pumping 
chamber* This creates a low pressure area or vaouum (suction) In the pumping chamber* 
In the meantime, air entering the fuel tank vent at atmospheric pressure Is pressing down* 
ward on the fuel In the tank. The atmospheric pressure forces the fuel to flow from the 
tank, through the line, through the pump Inlet valve, and Into the low pressure area of the 
pumping chamber* Remember that liquids or gases will always flow from a high pressure 
area to a low pressure area* 



FUEL PUMMNUKE STROKE 




Fig 1*0* Fuel pump* "Intake stroke* 

\Wn the camahaft eccentric rotates 180°, It no longer pushes the rocker arm down 
(fia r -1 ok The rocker arm spring then forces the rocker arm to pivot on Its pin In the 
opposite direction* The compressed diaphragm spring now pushes upward putting pressure 
on th*> fuel In the pumping chamber* The pressure created by the diaphragm spring closes 
tin* Inlet valve and forces fuel through the outlet valve to the carburetor bowl* The diaphragm 
Is Tiiuvud up fri down again until the carburetor bowl la filled with fuel* When the carburetor. 
Iiovrt \a rllledj the flow of fuel to the carburetor Is blocked by a needle valve In the carburetor* 
This csuiHUH n back presnure In the fuel dlacharge line and In the pumping ohamber. The 
rlliifihitttini now hait full back pressure on top of It and diaphragm spring pressure below* 
ttlk-n tin.- fuel prcBtmre i« the name ad that of the compressed spring, the diaphragm will 
vtoji lit Its Intake position {down)* At this time the rocker arm still pivots up and down, 
following tho earn shaft eccentric* However, the rockenaJKn will no longer move the link, 
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because they are two separate pieces* The rocker arm oan always move the link down, but 
It oan never push U back up* When the carburetor needs more fuel* the needle valve of the 
carburetor opens, and the back pressure In the discbarge line Is relieved* This allows 
the diaphragm spring to push the diaphragm up* forcing more fuel Into the carburetor past 
the opened needle valve* As the eccentric rotates* It causes the diaphragm to be pulled 
down again and pumping la resumed* 



(3) Vacuum bo o ster foel pgmp <Hg 1*11)* Some mechanically operated fuel pumps have a 

vacuum pump (also oalled a vacuum booster)* The purpose of the vacuum pump la to assist 
In the operation of the vacuum-ope rated windshield wipers* When an engine la being 
accelerated or la being operated under load, the engine manifold vacuum Is not strong enough 
to operate the wipers* At this time the fuel pump vacuum booster furnishes vacuum to 
keep the wipers going* The vacuum booster and the fuel pump are normally located In 
separate sections of a single pump housing but operate Independently of each other even 
though they are both operated by the same rocker arm* The vacuum booster la In the top 
section of the pump. 
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Fig 1*40, Fuel pump— discharge stroke. 
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Fig 1*11* Vacuum booster fuel pump* 

The outlet (tig 1*1 2) of the vacuum booster 1b connected to the Intake manifold and the Inlet 
Is connected to the wiper motor* When the wiper motor la operating and engine vacuum Is 
low, spring pressure pushes the vacuum booster diaphragm down creating a low pressure 
area In the pumping chamber* Air passes through the Inlet valve Into the vacuum pumping 
chamber* 

The rocker arm then pushes the diaphragm up {fig 1*1 3), forcing the air through the 
outlet valve and Into the Intake manifold* This upward movement of the diaphragm 
compresses the diaphragm spring* As the eccentric moves away from the rocker arm* 
the spring arm pushes the diaphragm down again to keep the wiper motor running* The 
manifold vacuum la high when the engine throttle la closed* With a high vacuum in the 
pumping chamber, air entering through a vent below the diaphragm will push the 
diaphragm up and compress the diaphragm spring* The diaphragm wilt remain In this 
position (almost still) as long as the manifold vacuum remains high* 

Opening the engine throttle causes a drop to manifold vacuum* The loss of vacuum causes 
the booster diaphragm to operate* It la this feature that allows the wiper motor to operate 
during acceleration and full throttle loads* 
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lij 1*12, Vacuum booster —Intake stroke* Fig 1-13, Vacuum booster—discharge stroke* 

(4) Electric fuel pumps. There are two types of electric fuel pomps commonly used In 
military vehicles* These pumps are operated either by an electric motor or a solenoid, 

(a) Electric motor driven fuel pump (flg 1-14), The electric* motor-driven pump is mounted 
In the fuel tank and Is completely submerged when the tank Is full. Current to operate 
the pump Is supplied by either the battery or the generator whenever the Ignition switch 
Is closed. The armature used In this pump looks like a miniature starting motor 
armature* It Is mounted vertically In the fuel pump housing* 




Fig 1-14* Electric fuet pump* 

In figure 1*15, notice the Impeller (K) on the bottom of the armature shaft (B), It Is 
attached to, and rotated by, the armature shaft* Item F In figure 1-15 Is a screen 
through which the fuel enters the pump* When the pump Is operating, the blades on the 
spinning Impeller hurt the fuel toward the fuel discharge port. This port Is connected 
to the main fuel tine that delivers the fuel to the carburetor* Although the pump Is In 
constant operation whenever the Ignition switch Is closed* It does not flood the carbu- 
retor with high pressure fuel* Because of the space provided around the Impeller, It 
cannot build up more than B or 6 pounds of pre & sure on the fuel* When the pressure 
&Qt6 that high, the fuet In the circular passage around the Impeller merely goes 
around with the Impeller* No fuet wilt leave through the dlschargs port until the 
pressure In the discharge tine drops to less than 5 or 6 pounds per square Inch fp&l)* 
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Fig t -15* Cutway view of the electrtc-motor-driven fuel pomp* 

<b) Solenoid *type fuel pump* The solenoid type of fuel pump has a hollow steel plunger 
rifted la Bide a brass cylinder* The fuel Inlet and outlet valves may be mounted In the 
bottom of the cylinder, or they may be located In the plunger Itself* When no current 
is flowing In the coll of wire surrounding the cylinder, the plunger la held In the bottom 
of the cylinder by the plunger spring* This type of pump la also commonly called a 
" plunge retype pump* 

When the Ignition switch la closed, current la sent through the coil of wire around 
the cylinder* The magnetic field created by the coll pulls the plunger up, compressing 
the plunger spring* The inlet valve at the bottom of the cylinder opens, and fuel enters 
the space at the bottom of the cylinder that hae been vacated by the plunger* 

When the plunger reaches the top of the cylinder, It opens a set of contact points 
that are In seriee with the coll* The circuit through the coU la broken when the points 
open, and the magnetic field collapses which causee the compressed plunger spring to 
push hack to the bottom of the cylinder* 

The downward movement of the plunger closes the fuel inlet valve and opene the 
outlet valve* The fuel trapped below the [lunger te forced out of the cylinder* past the 
outlet valve, and Into the fuel line leading to the carburetor* If the carburetor la full* 
Its needle valve closes and blocke the fuel outlet tine from the pump* This action create e 
a back preeeure In the fuel outlet line* When the back pressure equals the pressure 
exerted by the plunger eprtng, the downward movement of the fuel pump plunger In Its 
cylinder te stopped* The pump then stops pumping fuel until the back pressure In the fuel 
11ns drope* Like the diaphragm epilog In the mechanical noftposttlve fuel pump, the 
strength of the plunger epring In the solenoid pump will determine the amount of bock 
pressure In the fuel discharge Una* 
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1-7, AIR FILTERS 



As you already know* a mixture of fuel and air Is burned inside the engine cylinder during 
the power stroke of the engine* Mixing the fuel and air Is one of the functions of the carburetor* 
You have already seen bow fuel Is euppUed to the carburetor* but before you study how tt operate e* 
you ehould know more about the air supply system* 

a. Purpose* The air cleaner used on internal combustion engines eerves three purposed It 
filter* fhe air to remove duet and dirt before the air enters the carburetor* It acts as a flame 
arrester to prevent fires In case the engine backfires* and It acts as a muffler by reducing the 
hisetag nolsee made by the air entering the carburetor at high rates of speed* 

b* Typee, Air cleaners are generally classified as either wet or dry* depending on what is 
used to Olter the air* 

(1) Wet-type (fig 1*1 6), The wet-type Is usually called an oil bath air cleaner* Alrentere 
the niter at the top outer edges and flows down the sides over a bath of oil* The all flow 
then reverses tta direction and moves up through the filter element and to the carburetor* 
A s the air suddenly changes Its direction of movement from down to up over the (41 bath* 
the heavier duet particles are separated from the air and continue to move down end are 
trapped in the oil* Lighter particles are trapped In the metal gauze filter element. As 
the airflow reverses Its direction above the oil reservoir* It picks up an ott mist from the 
oil bath to keep the Alter element soaked* 




Fig 1 -1 6* Wet-type air cleaner* 

(2) Dry-type (Tig 1-17), Some dry-type air cleaners may use a metal gauze or paper filter 
element* Othere use the principles of centrifugal force and inertia where swirling motions 
and sudden changee in the direction of airflow separate the duet from the air. In the 
dry-type filter that has a replaceable paper element* air first enters an outer chamber 
around the filter element and is then filtered through small boles in tbe element before 
entering the carburetor* 
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Fig 1 -1 ?* Dry-type filter* 

CARBURETlON 

s* Vsportastlon* Ae you have already seem liquid gasoline is sent from the fuel tank to the 
carburetor, in order to burn properly the gasoline must be thoroughly mixed with air* To do 
this* the gasoline muet be vaporized* 

When liquid changes to a vapor, tt evaporates in the air* Boiling water is a good example 
of vaporization* As the water boils, tt steams* Steam ts made up of liquid in the smallest 
particles In which tt can exist* Each one of these small particles of liquid in called a molecule* 
These particles (or vapor) mix with the surrounding air. 

Several things determine how easily a liquid will vaporize or evaporate. The nature of the 
liquid Itself ts one factor* For Instance, tt te a well known fact that alcohol, which ts lighter than 
water, vaporizee more easily than water* Likewise, gasoline, which te also lighter than water, 
vaporizes more easily than water* 

A eecond factor controlling vaporization ts temperature* Higher temperatures will cause 
liquids to vaporize fester* An example of this ts water turning to eteam when tt ts boiled* 

Another factor controlling vaporization te the amount of vaporized liquid already In the air 
(humidity)* This Is better under etood by thinking of the air as a eponge* When a dry eponge Is 
pieced In a pan of water. It begins to sort up (absorb) a lerge amount of water very rapidly* But 
as the sponge begins to get soaked. It absorbs water more slowly* Finally, It reaches s point 
where tt will not absorb any more water. Air acts In the same manner* If you dear the weatherman 
say that the humidity te 100%, he means the air has soaked up all the moisture It can hold at that 
temperature* 

A liquid can be made to vaporize more rapidly by breaking It up Into email drops. This 
can be done with an ordinary spray gun (fig 1-18), B res king up a liquid Into small droplets Is 
called atomizing the liquid* When a liquid ts atomized* the air surrounde all of the small drops* 
In this way, more of the liquid te able to come In contact with air at me time and It will vaporize 
faster* 
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Fig 1 -1 8* Atomizing liquid with a common spray gun* 

Gasoline that to not vaporized does not burn* Only gasoline vapors burn* All the fuel In an 
engine's cylinder should be burned before the end of its power stroke. Fuel ttnt is still In liquid 
form Is wasted* Some of It may go past the piston into the crankcaae and mix with the oil* This 
can cause damage to the engine beatings because the gasoline will dilute the oil* The fuel that 
Ih left In the combustion chamber will be discharged through the engine's exhaust system* Some* 
times warm air that contains a lot of vapor comes In contact with a cold surface or some cool 
air* This will cause some of the vapor to change back Into a liquid* This change to called 
condensation (fig 1*10)* 




Fig 1*19* Condensation. 

Gasoline fuels are blended mixtures that are mostly refined from crude oil* Part of the 
mixture vaporizes at low temperatures for cold engine starts* Other parts of the mixture 
vaporize bettor as the engine warms up* Since highly volatile tea ally vaporized) gasoline will 
burn quickly, the burning rote Is slowed down by adding another substance to the fuel mixture, 
usually tetraethyl lead tttg 1 -20)* If fuel burns too rapidly, its energy or power la released very 
suddenly* This is like striking tbe top of the platen with a hammer* Vibrations caused by a fuel 
burning too fast cause engine ping (sharp hammering noise In the engine)* Engine ping, if allowed 
to continue, will cause damage to engine parts* 
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Fig 1*20* Fuel mixture* 



Octane numbers are assigned to different grades of gasoline* These numbers tell how feat 
the gasoline will burn* The octane rating of a gasoline blend (mixture) le determined by laboratory 
method e« Slower burning blends are given a higher rating* For example* a fuel with an octane 
rating of 80 will burn more e lowly than ene with an octane rating of 70* 

b. Principle e of venturi action (fig 1*21)* The main Job of any carburetor la to supply the right 
mixture of air and fuel for all engine speeds and load ondtttons* To understand how the carburetor 
does this job. It Is necessary to understand the principle of a venturi* 

The venturi la an hourglass "shaped restriction that le placed In the airflow passage (also 
called the throat, bore* or barrel) of the carburetor* Normally, the glr flows rapidly through the 
throat of the carburetor on Its way to the engine cyUndere* When thr last- moving air reaches the 
venturi, it must speed up In order to get through the restriction* Ttus prkdple also applies to the 
nozzle on a water hose. The nozzle itself is a restriction* The water speed increases as it leaves 
the hose and passes through the nozzle* That is why a stream of water leaving the nozzle will travel 
farther through the air than it would If there were no nozzle on the hose* 

When the air speed Increases In the venturi, however, there 1b a drop In the air pressure* 
The fasts r the air moves, the more the pressure drops* The Important thing to remembsr about 
a venturi la that for any Increase In the speed of the air (or water) flow, there is a decrease In 
pressure* The pressure of the air entering the air horn (mouth) of the carburetor la about 1 4* 7 
pounds per square Inch (pel)* This is normal atmospheric (air) pressure at sea level* Notice In 
figure 1*22 that ths top vacuum gage connects to the air stream above the venturi* Hare the drop 
in air pressure is slight* The gage that la connected to the air stream In the venturi, however, 
shows a considerable drop in ths air pressure* The bottom gage shows some drop in pressure, but 
not se much ae le in the venturi* 
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Fig 1*21 « Venturl action* Fig 1*22* Air pressure it the rarturl* 

In a simple carburetor, the gasoline Is stored In the fleet bowl* A passage In the bottom of 
the float bowl leads to a discharge nozzle that la located In the cent*? of the venturl* When the 
engine la running, each piston acts like an air pump during Its Intake stroke* A low pressure area 
or vacuum is created In the engine cylinder, and outside air rushts through the carburetor bore 
to All the low pressure area above the piston* Notice In figure 1*13 that atmospheric pressure la 
pushing down on the fuel In the float bowl* Notice too that the discharge nozzle In the venturl Is 
placed above the level of the fuel In the bowl* When the air rushing through the venturl creates a 
low pressure area at the Up of the fuel nozzle* the atmospheric pressure on the fuel In the bowl 
will push fuel out through the tip of the nozzle* Gasoline leaving the nozzle and entering the air- 
stream is broken Into small droplets (atomised) by the fast*movlng air* 
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Fig 1*23* Simple carburetlon* 
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c. Carburetor circuits* Most carburetor s have a total of tlve circuit s* or passages, through 
which the fuel can now to the venturt or to other points in the carburetor bore* These circuits 
let the carburetor make changes to the amount of fuel that is being mixed with the air* This is 
necessary because olfferent engine operating conditions require different fuel-air mixtures* The 
five carburetor circuits are: the float circuit, the low -speed circuit, the high-speed circuit, the 
accelerating pump circuit, and the choke circuit* 

The amount of air that le mixed with each part of fuel Is called the air-fuel ratio. The air* 
fuel ratio la stated as the weight of one part compared to the other part to the mixture to pamv*** 
For example, 1 5 pounds of air mixed with 1 pound of fuel Is an air-fuel ratio of 1 5:1* The mixture 
Is made richer by adding more fuel or by taking away some air. The beet alr»fuel ratio for the 
average engine that le operating at normal cruising speed is about ISxl* When more power is 
desired or when the engine is at an Idle, a richer mixture suoh as 13:1 or 12:1 is required. 

Probably the most important control that the carburetor needs to * device for changing the 
amount of air-fuel mixture going to the engine* Without such a control there would be no way of 
changing engine speeds. This controlling device is the throttle valve assembly, which le a round 
flat valve mounted on a shaft frig 1 *24), The throttle valve and shaft are placed near the bottom of 
the carburetor bore and to the path of airflow* The throttle valve shaft Is connected by linkage 
to the accelerator pedal to the driver's compartment* When the accelerator pedal le pushed all 
the way down, the throttle valve Is wide open* The alr*fuet mixture Hows freely by the valve and 
the engine is allowed to produce lis greatest power and speed* When the engine is at Idle speed* 
the valve is almost closed, (Only a small amount of air le allowed to pass the valve at one time,* 



0) + **t tloat clroutu The fuel tn the carburetor bowl must be Mpt at the same level any time 
the engine is running. If the level Is too high, too much fuel will be discharged through 
the nozzle causing the engine to use too much fuel and large deposits of carbon may form 
In the cylinders. If the fuel level Is too low, the mixture will be too lean to operate the 
engine properly* The float circuit keeps the fuel at the correct level* 

The float circuit consists of a float hinged at one side of the carburetor bowl and 
positioned so that It will operate a needle valve to open and close the fuel Inlet* Fuel 
under pressure from the fuel pump enters the carburetor bowl at the fuel Inlet* When 
fuel enters faster than the engine can use It, the bowl mis up. This causes the float to 
rise t>nd push the needle valve Into its seat, shutting off Incoming fuel. As the engine 
uses fuel* the fuel level to the bowl drops and the float lowers. The needle valve opens 




Fig 1-24* Throttle valve assembly* 
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and more fuel Is allowed to enter {fig 1 -2B)# In actual operation* the needle valve ts very 
seldom closed* Instead* tt stays open Just enough so that a balance to maintained on the 
fuel oomlng Into the bowl and the fuel used by the engine* 

A vent la located to the top of Hw» carburetor bowt* This vent ta needed so that air 
pressure will always be present on the fuel Inside the carburetor bowl* On military 
vehicles this vent Is usually connected to the tostde of the carburetor air horn or to the 
air cleaner* 




Fig 1*25* Float Circuit* 

(2> The low-speed circuit (flg 1 *2fi>* When the throttle ts almost closed, the amount of air 
flowing through the carburetor bore ts so small that there Is practically no vacuum created 
In the venturl* Therefore, no fuel flows from the nozzle to the venturi* The low-speed 
circuit supplies fuel under these conditions* 

With the throttle closed, the engine creates a Ugh vacuum below the throttle valve 
because the valve Itself acts ae a restriction* The tow-epeed circuit has an Idle discharge 
hole that ts below +he throttle valve* The higher air pressure on the fuel to the carburetor 
bowl pushes the fuel to the vacuum at the Idle discharge hole* Notice to figure 1 -26 that 
s small air bleed hole Is located at the tip of the low-speed circuit passage* tt lets air 
bleed Into the circuit and mix with the gasoline* This helps atomize the fuel before tt 
leaves the Idle discharge port* Notice also that an adjusting needle valve ts placed at the 
Idle discharge hide* Turning this screw will change the richness of the idle mixture* 
Turning the screw In closes the hole and allows less fuel to flow* With less fuel flowing* 
there ts a leaner mixture* If the ncrew is turned outward, more fuel flows I and the mixture 
is richer* 

Opening the throttle a little above Idle speed allows more air to pass the throttle 
valve* However, there Is still not enough air passing through the venturl to get fuel to 
flow through the main discharge nozzle* Because more air Is passing the throttle valve, 
more fuel must be added to keep the mixture correct* To let more fuel In* a low-speed 
discharge port ts added just above the Idle discharge hole* As the throttle Is opened 
slightly, its edge moves above the low-speed discharge hole* More fuel enters the 
alretream because tt can now pass to through two discharge holes* In some carburetors a 
long discharge slot I* used Instead of holes* 
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Fig 1*26* Low-speed oirculL 

(3) The high-speed circuit (flg 1*27)* The high-speed circuit Includes the venture +he main 
nozzle^ ana the high-speed jet* Usually more than one venturl Is used In a carburetor, 
with one plaoed Inside the other* Notice the three venturl In the Illustration* The main 
nozzle Is centered In the smallest venturl* Fuel passing from the carburetor bowl to the 
main nozzle flows through the high-speed Jet* The hole In the jet Is drilled to an exaot 
size In order to meter the fuel flowing in the high-speed circuit (tig 1*27)* 




Fig 1*27* High-speed circuit* 

The operation of the high- and lowaptmd circuits overlaps* As the throttle Is 
moved, each circuit continues working until after the next one begins* If there Is no 
overlap between these circuits, the engine will run roughly or even try to stop at certain 
throttle positions* This condition* If It occurs. Is oalled a flat spot in the oarburetor* 

When the engine Is operating at cruising speeds* an alr*fuel mixture of approximately 
1 5:1 la being furnished for good soonomy and reasonable power, A power system In the 
hlgfo-epeed circuit can enrich this mixture If neceguary* Thin syntem will provide power 
In rrder to ollmb a hill or to operate at high speed* Two types of power systems* oalled 
the power jet and the metering rod* are commonly used* 
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(4) The power-Jet system (fig W28), In the power-jet system* the power Jet valve le controlled 
by a vacuum piston* When the throttle Is closed* manifold vacuum Is high* The vacuum 
platen Is moved up against spring pressure and the power* jet valve Is oloeed* Opening 
the throttle to a point where more fuel Is required lowers the manifold vacuum* Lower 
vacuum allows the piston to be pushed down by the spring pressure* This opens the power* 
jet valve* letting fuel flow through the power Jet* This fuel bypasses the high-speed jet 
and Increases the amount of fuel delivered Into the alrstream by the main discharge nozzle. 




Fig 1-28* Power-jet system* 

Metering rods (fig I -29) are usually operated by linkage connected to the throttle valve* 
The rod has several steps or tapers on its lower end that pass through the high- 
speed jet As the throttle Is opened* the rod Is lifted* leaving smaller steps In the 
jet* This allows more fuel to pass through the jet* enriching the mixture* 




Fig 1-29* Metering rods* 
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(5) Accelerating pump circuit* Assume that a vehicle la moving down the road at a low rate 
of speed* The throttle valve is practically closed, allowing only a email amount of air to 
paee through the carburetor venturi* The driver suddenly decides to pass the car ahead* 
tie slams the accelerator pedal to the floor and the throttle valve la opened Instantly* Air 
le very light In weight* so It Increases Its speed through the carburetor very quickly* 
Because the fuel la heavier. It wtU move more slowly at first* Before fuel and air flows 
can become balanced* a lean mixture Is delivered to the engine* This will cause the 
engine to backfire or hesitate for an Instant* 

To prevent this backfire or hesitation* the carburetor Is equipped with an accelerating 
pump circuit* This circuit discharges a small amount of fuel Into the alrstream for a 
short period of time when the throttle Is suddenly opened* One type of accelerating pump 
circuit Is shown In figure 1*30* It consists of a pump cylinder* a pump piston that Is 
operated by linkage connected to the throttle shaft* a fuel Intake check valve In the bottom 
of the pump cylinder or well* a pump discharge check valve* and a pump discharge nozzle 
to spray the fuel Into the alrstream In the carburetor* When the throttle la closed* the 
accelerator piston la In the UP position* As the throttle Is opened* the piston moves 
downward* pressurizing the fuel In the pump cylinder* The pump intake check valve 
closes* and the fuel In the pump well le forced out through the pump discharge valve and 
the pump nozzle In the carburetor bore* If the pump platen la moved down suddenly* the 
fuel under It could not be Immediately discharged through the small discharge nozzle* For 
this reason* the operating linkage does not push directly on the platen* Instead the linkage 
compresses the pump spring, and the spring pressure moves the piston up* This feature 
slows down the action of the pump and allows the fuel to flow out through the pump discharge 
nozzle for several seconds* The discharge tapers off as the movement of fuel In the main 
circuit Increases* The accelerating pump circuit refills with fuel when the throttle closes* 
During the upward movement of the piston* the pump Intake check valve opens* permitting 
fuel from the carburetor bowl to enter the pump cylinder* 

Other accelerating pump circuits may operate differently* One type makes use of 
manifold vacuum and spring pressure to operate the pump. Another type uses a pocket 
of air between the piston and fuel to eliminate the need for an accelerating pump spring* 




Fig 1*30* Accelerating pump circuit. 



(6) Choke circ uit (Wg 1*31)* A rich mixture la needed when starting and operating a cold 
engine* Tnie la because all the fuel supplied to the cylinders will not vaporize easily 
when cold; therefor**, a large amount of fuel Is supplied In order to get enough vaporized 
fuel for combustion* A choke circuit to used to supply the extra fuel* The choke ts a 
round flat valve (similar to the throttle valve) placed to the carburetor air horn above 
the venturi* Closing the choke valve will create a high vacuum In the carburetor throat* 
This causes large amounts of fuel to flow freely from both the low- and high-speed 
circuits* Chokes may be operated manually by the driver or they may operate 
automatically* 




Fig 1-31* Choke circuit* 

<a) Manual chflke (flg 1*32)* To operate a manual choke, the driver usually pulls a cable 
that closes the choke valve* Closing the valve completely shuts off the supply of air, 
but remembe* f soltoe must have some air to order to burn* The needed air is admitted 
by one of two different methods* 

One method is shown In figure 1 -3K The choke valve includes a spring -loaded 
poppet valve* The poppet is normally held to the closed position by a weak spring* As 



1-21 



33 



soon as the engine Lb cranked, e very high vacuum U crested under the choke valve, 
Thle Bllowa the higher outside sir pressure to open the poppet valve, permitting air t 
enter the engine cylinders, in the second method (fig 1-32) the valve Ib operated by 
means of a colled spring on the choke shaft. With the choke closed and the engine 
cranking, air pressure will overcome the spring tension and open the choke valve 
ullghtly to supply some air. As the engine warms up, the driver gradually opens the 
choke to supply a leaner mixture. 



CHOKt VAtVi 




Fig 1*32. Choke Valve. 

(b) Automatic choke (Tig 1-33). The automatic choke eltmlnatee the human element aw 
performs the choking operation automatically. It controls the air-fuel mixture for 
quick starting at any temperature. It also provides the proper amount of choking d 
the entire warm-up period. 




Fig 1-33. Automatic choke. 

The automatic choke has a thermostatic spring and a vacuum piston to control 
the position of the choke valve. The spring tries to close the choke valve when the 



1-22 



34 



engine is cold, while the vacuum piston tries to open the valve* The choke valve Is 
mounted off-center on Its sheft to allow any increase In air speed to aid In opening the 
choke valve more* The operation of the automatic choke depends on three factors! 
temperature. Intake manifold vacuum* and spaed of the air passing through the carburetor 
throat* How the temperature changes affect the thermostatic spring is shown In figure 
1*34* Aa the spring is heated* it loses its tension and allows the choke to open* 

When the engine is cold, the spring holds the choke valve closed* When the engine 
Is started, vacuum from below the throttle valve la directed to the bottom of the vacuum 
piston* High vacuum under the piston causes the piston to work against spring pressure 
and partially open the choke, A small amount of air heated by the engine exhaust passes 
through the choke housing to beat the spring* allowing the choice to open as the engine 
warms up* 





Fig 1*34* Spring action of the automatic choke* 

Different load conditions will also cause the positions of the choice valve to change* 
A decrease In manifold vacuum will allow the spring to close the choke against pressure 
of the vacuum Piston* An increase In air spaed through the carburetor throat will 
force the choke valve open against tension of the spring* 

c, Multiple carburetors* So far we have discussed elngle~barrel carburetors only* However* 
many carburetors* particularly those for engines with more than six cylinders* have more than 
one barrel* Each barrel of a two-barrel carburetor has its own low* and htgh«speed circuit* 
If the carburetor has four barrels* at least two barrels will have low* speed circuits and an 
accelerating pump circuit* There are separate throttle valves for each barrel* but two of the 
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valves are mounted on the same throttle shaft* In this way, two throttle valves will open or close 
at the same time* The purpose of having more than one barrel Is to split the air fuel mixture 
delivery to different cylinders between semi-Independent carburetors* For Instance, consider an 
8 -cylinder, V-type engine with a two-barrel carburetor* One barrel will take c*?e of the two 
middle cylinders on the left bank and the two end cylinders on the right bantu The other barrel 
will take care of the remaining four cylinders* With such an arrangement the Intake manifold 
would be divided into two sections, with each section delivering the fuel~air mixture to four 



d. Position of the carburetor* Carburetors are often classified as up-draft, or side -draft. 
This classification depends on the oarburetor'a position In respect to the Intake manifold* If the 
carburetor Is mounted below the manifold, it is classified as an up-draft carburetor* If It is 
above the manifold, It la a down-draft* When the carburetor and Intake manifold are at the same 
level, the carburetor Is classified as a side-draft (fig 1-33)* 



1-9* INTAKE! MANIFOLD 

a* Purpose, The purpose of the Intake manifold is to supply vaporised fuel to the engine 
cylinders* When gasoline is vaporised rapidly, a natural refrigeration (cooling) process takes 
place* This cooling process can be noticed by feeling the outside of the carburetor throttle housing 
while the engine Is running* The housing feels cool even though all the surrounding parts are 
warm* This accounts for the frost that often collects around the carburetor and Intake manifold 
during cold weather operation* The cooling action may cause the fuel vapors to oondense Into 
liquid drops If some means is not provided to prevent condensation. Careful construction and 
design of the manifold will reduce condensation* 

b* Construction* The Intake manifold should be as short end as straight as possible to reduce 
the possibility of the fuel condensing before It reaches the cylinders* To assist In vaporizing the 
fuel, some Intake manifolds have a section called the hot spot that can be heated by exhaust gases 
(fig 1-36)* A valve that can direct the flow of exhaust gases to the hot spot Is placed In the exhaust 
manifold* A thermostatic spring usually controls the operation of this valve* When the engine Is 
cold, the valve directs gases Into the hot spot. As the engine warms up, the thermostatic spring 
loses Its tension, and the exhaust gas pressure, aided by * weight, turns the valve so the hot gases 
will not enter the manifold hot spot ftg 1*30)* On some vehicles the heat control valve does not 
have a thermostatic spring. When this Is the case, the valve Is manually set to the OFF, 
INTERMEDIATE, or ON position* The correct setting will depend on the weather and operating 
conditions* A recent trend is to circulate engine coolant around the manifold hot spot. The coolant 
Is used Instead of the exhaust gases to heat the Intake manifold* 



Cylinders* 




Fig 1*35* Side -draft carburetor* 
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Fig 1-36* Manifold hot epot* 

1-10* GOVERNORS 

It has been proven that doubling an engine's epeed will Increase lte vear rote about four times* 
Many military vehicle e are equipped with a governor to reduce wear caused by excessive engine 
speeds* The two types of governors commonly used are the centrifugal and the air velocity 
governors* 

a* Centrifugal governor^ The centrifugal governor operates on the principle that a moving 
object will try to travel In a etralght line* In tte basic form a centrifugal governor has two weighted 
arms pivoted or hinged on a spindle* At low engine speeds the weighted arms aw held close to the 
Hplndle shaft by a spring* Notice In figure 1 »37 that the spindle la connected to the throttle valve 
by linkage* The spindle and weighted arms are rotated by the engine* When the engine reaches 
the maximum epeed for which the governor le eet, the weights overcome the tension of the spring 
and move outward* The governor thue limits the amounts of fuel mixture delivered to the cylinders* 
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Fig 1 -37* Centrifugal governor* 

b* The velocity or vacuum governor IBg l-38>* The velocity or vacuum governor U operated 
by the speed or velocity of the air-fuel mixture as It passes through the carburetor and Intake 
manifold vacuum* This governor Is mounted at a point where it can control a throttle valve* The 
throttle valve is mounted off center on its shaft and held open by spring pressure* The valve is 
placed at an angle that will cause the fast flowing air-fuel mixture to attempt to close the valve, 
A vacuum piston is connected to the throttle valve shaft by a lever* As the engine speed increases* 
the speed of the flowing mixture increases and begins to overcome the spring tension, closing the 
throttle valve* This reduces the amount of mixture that can enter the cylinders and thus limits 
the engine speed* Intake manifold vacuum and normal air pressure acting on the vmouum piston 
hold the valve steady* This keeps the engine speed from surging* 
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AUTOMOTIVK FUEL AND EXHAUST SYSTEMS 
Lesson 1 

Fundamentals of Gasoline Engine Fuel Systems 

STUDY ASSIGNMENT; Information for MCI Students, 

Course Introduction 

MCI 35* 25a* Automotive Fuel and Exhaust Systems^ chap 1* 

LtiSSON OBJKCTIVK; Upon successful completion of this lesson* you will be able to Identify the 

main component* of the gasoline engine fuel system, how they are constructed, 
and how they operate* 

WRITTEN ASSIGNMENT: 

A* Multiple Chotce; Select the ONE answer which BEST completes the statement or answers the 
question* After the corresponding number on the answer sheet blacken the appropriate box* 

Value; 1 point each 

L The purpose of the fuel system is to store liquid fuel and 

a* deliver it to the engine cylinders* c* lubricate the engine components* 
b* cool the engine components, 

2* Which component of the fuel system Is used primarily to store fuel? 

a. Fuel tank c. Fuel filter 

b* Carburetor d # Fuel pump 

3* How are the thin sheets of steel that make up a fuel tank sealed together? 

a. Either welded or crimped c 4 Glued with epoxy glue 

b* Riveted 

4* What la the purpose of the fuel tank ventilation system? 

a* To keep water from entering the tank during fording 

b* To act as a bypass port when the tank la overfilled 

c* To allow air Into the tank and to allow expanding gases to escape 

d 4 To allow water that Is In the tank to evaporate 

5* What Is the purpose of :he fuel system main line? 

a. To act as a vapor return line back to the fuel tank 
b* To prevent vapor lock in the fual system 
c 4 To deliver fuel to the engine compartment 

6* The fuel filter removes foreign substances from the fuel that could 

a, speed up the engine* 

b 4 cause the fuel tank to rust 

c 4 clog the vent tubes and the filler neck* 

d* clog fuel passages and degrade engine performance* 
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What draws fuel from the fuel tank? 



a. Carburetor 
b* Fuel Alter 



c, Intake manifold 
d* Fuel pump 



S 4 When will the positive type fuel pump supply fuel? 

a* Continuously when the engine la running 

b* Any time the ignition switch is on 

c, Only when it is needed in the carburetor 

d 4 Only when *;he pump pressure drops to a low psi 

9* When does the nonpositive fuel pump supply fuel? 

a. When it is needed 

b, When the engine is operating 

c* When the engine speed rises above a predetermined point 

d t When the ignition switch is on 

10* Which fUel pump assists in the operation of the windshield wipers? 

a* Positive c* Full flow 

b* Sern [positive d* Vacuum booster 

11* An electric motor or a solenoid ts commonly used to operate a 

a* positive ftwl pump* c* manual fuel pump* 

b* demipositive fuel pump* d* battery-operated fuel pump* 

12* Filtering air and muffling noise are purposes of the 

a* fuel filter* c* air filter* 

b, carburetor* d t air intake valve. 

13* Which component acts as a flame arrester in the fuel system? 

a* The air cleaner c* The carburetor 

b* The fuel filter d* The hot spot on the intake manifold 

14* A wet-type air cleaner could also be called a(an) 

a* element-type dry niter* c* replaceable oil cartridge type* 

b 4 oil -bath air cleaner* d* water-bath air cleaner* 

15* A characteristic of dry-type ai* ' **< iers ts that they filter air by what process? 

a, By air swirling over oil bt.'ore £? ,ering the intake manifold 

b* By the swirling motion of at * flow and sudden changes In direction of air flow 
c t By using a primary and seer iderj in-line filter 
d* By an air induction blower l 

K* To burn properly, gasoline must be 

a* vaporized* c» injected* 

b, metrred* d* condensed* 
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20* 



21* 
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Which component of the fuel system must supply the right mixture of air and fuel to 
the engine In or dor for tt to operate properly? 



What effect does the veuturl in tha carburetor have on the flow of the air intake? 

a* increases the air speed 
h* Slows down tha air speed 

c* Decreases the air flow to a point where fuel snd air ratio is approximately lstl 
d* Regul?t*s the air now depending on the octane of the fuel 

The float* lovapeed* high-speed, accelerating- pump. And choke are circuits located in 
the 

s* fuel P^mp* c* fuel 'snfc, 

b* carburetor* d* fuel Injector pump* 

In whst state is fuel considered to be when it leaves the intake msnifold? 

a* Condensed c* Liquid 

b* Vapor lied d* Expended 

Whst is used to regulate exceasive engine speeds? 

a* Carburet c Fuel density compensator 

b* Governor d* Fuel injector pump 

The principle that a moving object will try to travel In a straight line is used in the 

a* velocity governor* c* centrifugal governor* 

b* vacuum governor* d* fuel velocity governor* 

How la the velocity or vacuum governor operated? 

a* By electrical impulses from the battery 

b* By the speed or velocity of the air-fuel mixture 

c* 3? the speed of the engine 

d* By the fuel density compensator 



a* Carburetor 
b* Kuel filter 



c* Injection 
d 4 Fuel tank 
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Chapter 2 

MAINTENANCE OF GASOLINE ENGINE FUEL SYSTEMS 
2-1, INTRODUCTION 

In the first chapter the purpose, construction, and operation of components in a gasoline fuel 
system were presented* Vou will now be studying the inspection* testing* adjusting* eervlclng or 
cleaning, and repair and replacement of these parts* The contents of this chapter are examples 
of the jobs you, as an organizational repairman* will have to do. Keep in mind that when you are 
working on the fuel system, gasoline is made to burn In the engine and not on It* Neither should 
It burn In the tank* on the floor* or on you* Make sure the work area is kept free of spilled gaso- 
line and that there are no sparks or fire In the area that can start the gasoline burning* 

2-2* AREAS TO INSPECT IN THE FUEL SYSTEM 

Before any work is done on a fuel system* you should know what needs to be done* One way 
to find this out Is to Inspect the system* This means look It ovsr and see If you can find anything 
wrong* When Inspecting* you should start at one and of the system (either end) and work step by 
step all the way through (fig 2*1)* Don't miss a thing* For instructional purposes we will use the 
M151 i/4-ton truck as an example vehicle for this chapter* 




Fig 2-1* Areas to Inspect In the fuel system* 



* Vou will start with the fuel tank on the M151 1/4-ton truck (fig 2-2)* About the first thins 
you would see on this would be the filler neck cap, so take It off and take a good look at it* 
Some of ti.*> things you should look for are dirt and rust* Neither of these should be given 
a chance to get into the fuel tank because they can cause a lot of trouble* In fact, they 
probably cause more fuel system trouble than anything else, except possibly water* An* 
other thing to look for on the cap Is the retaining chain, which keeps the cap from being 
dropped and lost* The gasket in the cap must form * seel between the cap and the filler neck. 
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Pig 2*2* Fuel tank. 



Inspect the strainer that Is inside the filler neck. It should be free of met or dirt and have 
no holes* bends, kinks* or anything da* that would make it unserviceable* 

Now for the tank. It should be checked for such things as dirt, rust, and water on the Itietde* 
Check the outside for leaks* dents, and damage to the filler neck. Be sure the mountings 
are not loose* While you are At it, you should note how much fuel is in the tank becauae 
you will need to know this to check the fuel gage later* 

Now look on top of the tank. An item you should give some attention to is the sending unit. 

Check the fuel gage to see if it accurately shows the amount of fuel in the tank. If it doesn't* 
the sending unit may be at fault. While you are at It, you better check the electrical 
connections, gasket, and the mounting screws* Another Item at the tank is the fuel pump. 
Again the things you should check on It are electrical connections* gaskets, and mounting 
screws* Another thing to check for on the pump is leaking fuel and vent line connections* 
A little farther on In the lesson you will find out how to make a fuel pump test* 

After checking the line connections at the fuel pump* check the fuel line All the way to the 
carburetor and the vent line to the air cleaner* You ehould look for such things as leaking 
connections and broken* bent* crimped* or leaking lines* 

So far you have covered the components from the tank filler can to the carburetor* On 
the carbureter you should look for leaks* cracks* secure mountings* leaking gaskets* and 
loose or missing screws* Next, inspect the linkage that controls the operation of the 
carburetor* When checking the accelerator linkage* you should look for missing or damaged 
parts* proper connections, and correct adjustment. On the choke linkage* you should check 
the cable condition* the cable stop* and cable adjustment (It should move the choke from the 
full open to the full closed position)* Also check the cable operation and choke control 
mounting (fig 2*3)* 
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Pig 2-3. Accelerttor linkage* 



• When the engine is o pert ting, fuel will be flowing from the tank, through the lines* and 
through the carburetor* A lot of air must go through the air cleaner if the fuel System is 

to operate properly* so it must also be checked* Before Inspecting the air cleaner* Us cover 
must be removed. The things to look for are dirt, the condition and amount of oil In the oil 
cup. clogged wire mesh* and holes in the oil cup. In addition* check It for secure mounting 
and the condition or the air hose, hose clamps* and sll fittings* 

• Don*t forget to check the intake manifold, too; It is part of the elr**fuel system* To check 
the intake manifold gasket Tor leaks* put a small amount or oil around the intake manifold 
flanges while the engine is running* If the oil Is sucked Into the manifold* the gaskets are 
leaking* Loose manifold bolts will cause the gaskets to leak* so tighten them before blaming 
the gaskets* (The four t 1/4" long mounting bolts require 23-28 ft**lbs torque; the two 1 1/2*' 
long bolts require 10*12 ft-lbs torque* ) Vou should elso look for excess dirt on the matoLTold 
and check for a cracked or warped manifold (fig 2*4)* 



2-3* CLEANING THE IfUEL TANK 

We mentioned before that dirt, rust* and water cause most of the trouble that we have in the 
fuel system* Even with the strainer screen In the tank neck* water and dirt will sometimes get Into 
the fuel tank* When It does* get it out as soon as you can to prevent it from getting into other 
parts or the fuel system* The best way to do this Is to drain and flush the tank. Let's take a look 
at how this should be done* First, you will need a container large enough to hold the fuel In the tank. 
Make sure that the vehicle Is located In an area that is well ventilated and safe from firs* Be sure 
to disconnect the battery ground cable* Since the dirt, rust, and water are heavier than the fuel, they 
will have settled to the bottom of the tank. To be sure it all drains out, you should stir It up to mix 
It with the fuel* Do this by Inserting a hose into the tank filler neck and blowing through It with 
compressed air* After the dirt is mixed with the' fuel, remove the drain plug and allow the fuel to 
drain into the container, While the tank is draining, use short bursts of air to keep the dirt and 
water mixed with the fuel (fig 2*5), 




Pig 2-4. Intake manifold* 
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Fig 2-5* Fuel tank drain plug. 



• After all the fuel Is c* alned* there may still be some dirt left In the tank* ?hls oan be 
flushed out with cleaning solvent and a solvent gun* After the tank It flushed, allow It to 
dry completely* 

• When the tank la dry* replace the drain plug and strainer screen* Refill the tank with fresh 
fuel and replace the cap> Before you go any further* remove all fuel and cleaning material 
from the area to reduce the chances of a fire. Connect the battery ground cable* start the 
engine* and run It for a short time to flush the lines with clean fuel* 

2-4* REMOVAL AND REPLACEMENT OF THE FUEL TANK 

During the Inspection you may find that the fuel tank Is leaking* If It Is* all you are ac'hor- 
ized to do at the organisational maintenance level is to replace the tank. Before removing the 
fuel tank, you will need to disconnect the battery ground cable and drain the fuel* If the fuel does 
not contain water, rust, or dirt. It can be saved and used In the new tank. To do this* you must 
catch It in a clean container and then use care to keep dirt from falling In the container throughout 
the Job* 

• Since the feel tank on the M151 truck It located under the driver's seat the seat must first 
be removed* After doing that, unplug the electrical connectors *t the fuel pump and the fuel 
gage sending unit* and unscrew the fittings that secure the fuel and vent tubes to the fuel 
pump* Carefully bend these two tubes to one side so they will not be In the way whan removing 
the tank (fig 2-8)* 




Fig 2*8* Removing connections* 
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The fuel tank le sec ured In the vehtcle by four screws and washers, two et the front end 
two at the rear of the tank* Remove all four of these screws (fig 2*7)* 




Pig 2«-7* Removing screws* 



• Lift the fuel tank out of the vehicle* Make sure that the fuel and vent tubes do not catch 
the flange of the tank* h tmove all parts from the old tank* such as the fuel pump, fuel 
gage sending unit; and pioe plugs, that wtU be needed on the new tank (fig 2*8)* 



# Inspect the new tank to see if it has been demeged in shipment or if enythlng euch as paper 
or packing ties gotten inside of it* It Is a lot easier to clean it out now than after it has been 
lnetalled* Install the fuel pump* fuel gage sending unit, and plugs in the new tank* Use new 
mounting gaskets on the fuel pump and fuel gage sending unit* 

# Install the new tank in the vehicle In the reverse order of removal* Be careful when con* 
necting the fuel and vent tubes* Turn the fitting nuls e few turne by hand before using a 
wrench to be sure they are not cross* threeded* Pill the tank with clean fuel and connect 
the battery ground cable* Start the engine and let it run for a few minutes while you lnepect 
the fuel system for leeks* Then install the seat to complete the job* 

2*5* KtJEL PUMP TESTING AND REPLACEMENT 

tn this portion of this lesson we will discuss the procedures to be followed to test end to 
replace the fuel pump on the MI51 l/4*ton truck* Some general information that applies to 
™*pair work on ell fuel systems wilt be dlecussed first so it won't heve to be repeated, 

u Tenting the fuel pump* Check the pump to meke sure it performs the wey It should* To 
do tills you need e vecuum/pressure gage* To use the gage* disconnect the flexible fuel hose ut 




Pig 2-6* Removing tank* 
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the carburetor at* ahown In Itfiurc 2*&a and connect the pressure gage shown In figure 2-&b, With 
the pressure gagi* attached, start the engine again and observe the pressure reading* Correct 
preaaure is from 4* & to 5 t 4 psl* If the pressure reading is not within this range* the fuel 
pump will have to be replaced* 




a* Disconnecting flexible fuel hose at carburetor* b* Vacuum/pressure gage* 

Fig 2-fl t Tee ting of the fuel pump* 

b 4 Hemoval, Before beginning* always check to make sure that enough repair parts and equip- 
ment are on hand to complete the job* Obtain the new parts and Inspect them carefully to make sure 
that they have not been damaged during shipment* If fuel Is to be drained* toe sure you have a con- 
tainer that doea not leak and la large enough to hold ell the fuel drained from the tank* 

The vehicle must be located In a well* ventilated area and away from any open (lames or 
spnrks* If the Job Is to be done In a building* make sure that enough doors and windows are opened 
so the gasoline vapors are not allowed to build up* Just one tiny spark is all that Is needed to 
Ignite gasoline vapors! 

Cleanliness Is very Important when working on the fuel system* A small piece of trash stuck 
In a valve, jet, or passageway In the carburetor can cause problems In engine operation* Before 
disconnecting a fuel line or removing and disassembling a part, be Sure to remove any loose dirt 
or trash from around the line or part* After s part has been removed* a temporary covering such 
as a dean rag should be placed over any exposed openings In the fuel system* All parts that are 
to be reinstalled must be thoroughly cleaned In drycleanlng solvent or mineral spirits* 

When loosening or tightening fuel line fittings* use two open* end wrenches to prevent 
breaking fittings and twisting lines* use one wrench to hold the stationary fitting while loosening 
the turn nut* After disconnecting the lines* inspect all fittings for stripped threads* cracks* and 
other damage* Inspect flexible fuel lines for damaged fittings and for cold weather- cracked hose 
frig 2-10)* 




Fig 2*10* Looacntng fuel lines* 
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The electric wire to the fuel pump can now be disconnected* Thle la a plug**!" type connec- 
tor thet can be disconnected without the use of tools (fig 2-ll>* 




Fig 2*11* Removing electric wire* 



There ere two lines (tubes) connected to the pump cover* The smaller of the two is the fuel 
tenk vent end the other is the fuel line* Uee open-end wrenches to disconnect both lines* All ten 
mounting screwe and lockwaehers that secure the pump cover to the tank cen now be removed* 
Refer to page 2-4* figure 2*6* The pump ana filter assembly is removed by lilting it straight 
up and out of the tank* Remove and discard the old fuel pump cover gasket (fig 2-12)* 
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Ftg 2-12* Removing fuel pump* 

c* Repair. If you are going to inetall a repair kit instead of a new pump assembly* proceed 
as follows* After the pump is removed* cover the fuel pump opening In the tank to keep any dirt 
from accidentally failing Into the tank* Remove the three ecrews and washers that secure the filter 
retaining plate to the bottom of the fuel pump and lift off the retaining plate fflg 2-13)* 




Fig 2-13* Removing screws from fuel pump* 
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t.ift off the fuel filter element. Discard the two filter gaskets, one st each end of the filter. 
These Baskets are not shown in the Illustration. If the filter element ie damaged op dirty, replf *e 
ft with a new one when reaBaembling the pump (fig 3-14). 




Fig 3-1 4. Removing element 

The repair kit contains one cup, two filter gaskets, one rubber grommet, one nut, one pump, 
one aheil, one aleeve. <*ne washer, and • special wrench. Identify these parte on the fuel pump by 
referring to figure 2-15. The special wrench is not shown. After you have located the parte that 
are to be replaced, finish taking the pump assembly apart. 



SHELL CUt NUT 




MOUNTING PLATE 



WASHER 



SLEEVE 
GROMMET 



KET 



PUMP 



FILTER 



GASKET 

RETAINER PLATE 



Fig 3-1 S. Fuel pump illustration. 
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tree the special wrench provided with the repair kit to remove ths nut securing the electrical 
fitting to the top of the fuel pump mounting plate* Cut the electrical wire; then remove and discard 
the oM rubber grommet. Unscrew the nuts securing the fuel lines and pump to the mounting plate 
and discard the pump* 

Reassemble ths fuel pump In the reverse order of disassembly,, using til the new parts 
supplied In the kit Make sure that the electrical wire is secure In the mounting plate and that the 
new rubber grommet Is positioned properly* 

d* Replacement* Place the pump and filter assembly In the fuel tank* Be sure the assembly is 
positioned over the screw holes and is alined with the fuel and vent line fittings, start all ten 
mounting screws with iockwashers by hand* Turn each screw in two or three turns* The mounting 
screws must be tightened evenly to prevent warping the mounting surfaces and causing a fuel leak* 
A suggested tightening sequence is shown in figure 2*16* it may be necessary to repeat the 
tightening sequence several times as shown In the figure* Complete the pump installation by con- 
necting the fuel and vent lines and the electrical connectors* 



Connect the battery ground cable* making sure that contact surfaces are clean* Install the 
battery cover --avoid touching the battery terminals with the cover and causing a short circuit. 

Check for fuel leaks before installing the driver's seat by filling the tank with gasoline to 
**ec if the fuel pump mounting gaaket leaks* Start the engine and check to see If the fuel line 
connections lead under pressure* Now test the new fuel pump with a pressure gage to determine 
If It Is operating properly* as outlined in section a* 

e* Fuel pump safety switch* The fuel pump safety switch la used with the electric In -tank fuel 
pump, (M151A2, MA25, and M718AI vehicles have a mechanical fuel pump and no safety switch*) 
The fuel pump safety switch (oil pressure eafety switch) automatically stops the flow of fuel to the 
carburetor when the engine oli pressure falle below 3 1/2 to 7 1/2 pel* This action la accomplished 
by the switch cutting off current to the electric fuel pump* To start the engine when It would nor* 
matly have no oil pressure, a second circuit Is connected to the starting motor switch, bypassing 
the safety circuit only while the starter la being used* The second circuit aleo prevents fuel pump 
operation when only the Ignition switch is turned on* preventing accidental flooding of the carburetor* 

To test the fuel pump safety switch la an emergency procedure to be used when the engine stops 
with indications that the safety switch may be defective (fuel pump inoperative)* Before testing the 
switch, be sure there la sufficient oli in the crankcase for operation* Do not operate the vehicle 
without the use of the safety switch* 

Disconnect the mate connector which contains leads No* 77* 77A and 77-B (fig 2*17) from 
the* anfoty switch* These wires control the safety cutoff feature* 

Connect No* 77 and 77-A leads together with a jumper wire* The electric fuel pump should 
now operate with the Ignition switch on. 




Pig 2-16* Tightening sequence of the fuel pump* 
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If the fuel pump operates with leads connected together, start the engine and Immediately 
check the pressure Indicated on oil preasure gage* 

If no pressure U Indicated, shut off engine and notify direct support maintenance* If 
pressure is indicated, replace the safety switch* 
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2-6. SKHVICINO AND REPLACING OF THE AIR CLEANER 

As you no doubt guessed when we were discussing the Inspection of the air cleaner* the air 
cleaner does have to be serviced. Thin la one of the regular jobs that the organizational repairman 
has to do often* so let's see how It U done on the M151 i /4-ton truck. The air cleaner la an oil* 
bath type and Is located In the front left area of the engine compartment* Loosen the air cleaner 
rover clamp* ar.dt lift off the cover* Lift out the air cleaner element* All air entering ths engine 
muat pass through thta element* so check Its condition carefully (fig 2*16* steps 1 and 2). Finish 
taking the air cleaner apart by removing the oil cup* Discard the old oil In the cup* Dirt trapped 
by the old oil will build up In the bottom of the oil cup (step 3)* 



1 
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Step L 



Step 2* 

Fig 2*16* Steps In servicing the air cleaner* 



Step 3. 



a* Cleaning * Wash the oil cup* air cleaner element* and air cleaner body In drydeanlng sol* 
vent or mineral spirits* Dry them with a clean cloth* place the oil cup In the air cleaner body 
and fill It to the level mark with engine oil* Make sure that you don't overfill It* If the cup la 
overfilled* it may cause oil to be drawn Into the cylinders* Next replace the air cleaner element 
and cover (ftg 2*19)* 




AIR 

CLEANER 
ELEMENT 




■ AIR CIEANER 
/BODY 




Klg 2-19. Assembling the air dewier, 
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b* Replacing the air cleaner* During the Inspection or servicing of the sir cleaner you may 
rind that it is bad and has to be replaced* This* too, is a job of the organisational repairman* 

To remove the complete air cleaner assembly* first loosen the clamp securing the carburetor 
to sir cleaner hose to the air cleaner* Pull the hose from the air cleaner (fig 2-20)* 
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Fig 2*20* Removing air cleaner* 

Next, use your hose clamp pliers to loosen the spring type clamp that secures the carburetor 
float chamber vent hose to the air cleaner* Puli the vent hose from the carburetor (fig 2*21)* 




Fig 2*21* Removing vent hose* 

Don't overlook the fuel tank vent line and the fuel pump safety switch vent hose that are 
connected to the "T" fitting on the air cleaner* Disconnect these by unscrewing the line fitting and 
loosening the hose clamp (fig 2-22)* 
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Fig 2*32. 


F*uel tank vent line* 
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Remove the screws and washers holding the air cleaner to its mounting bracket and remove the 
air cleaner* Use the reverse of the removal procedure! to install the air cleaner* The new air 
cleaner la dry* so don't forget to remove the cover and element and fill It with the proper amount 
of engine oil (fig 2-23)* 



2-7* ADJUSTING THE CARBURETOR 

Another task for the repalrms.i working at organizational level will be to adjust the carburetor 
on anM151 1/4-ton truck* This will need to be done any time the engine idles roughly or at the 
wrong speed* The first step tn making a carburetor adjustment is to warm the engine to normal 
operating temperature* Then proceed as follows: 

a* For non*emieelon control vehicles* 

• Remove the Inspection plug from 'Jie distributor cover and tn its place Install a primary 
connector adapter* Connect tachometer leads as sho** \ grounding one tachometer lead 
to the engine and attaching the otner lead to the terminal on the primary connector adapter 
(fig 2-24)* 



a Start the engine and turn the Idle speed adjusting screw on the carburetor to obtain the 
correct Idle speed* Then tu**n the Idle mixture screw tn {clockwise) until the engine runs 
roughly or starts to slow down* Slowly turn the Idle mixture screw out {counterclockwise) 
until the engine operates smoothly* if necessary* readjust the idle speed adjusting Screw to 
obtain the correct Idle Speed (fig 2-25K 




Fig 2-23* Removing screws and washers* 




Fig 2*24* Connecting tachometer leads* 



Fig 2*26* Idle mixture screw* 

If the M1S1 truck has a Holley carburetor* the correct Idle speed Is 650 to 600 rpm+ If 
It has a Zenith carburetor* It is 500 rpm* One way of telling which type carburetor the 
truck has la by the float chamber ventilation hose between the carburetor and the air 
cleaner* If the truck Is equipped with this hose* It has a Holley carburetor; it It does 
not have the hose* a Zenith carburetor la used* 

b* For emission control vehicles* 

The new emission control system carburetors are preset by the manufacturer and the 
mixture adjusting screw Is sealed* Do not attempt to adjust the carburetor during 
Installation unless the engine does not Idle or perform properly* Upon receipt of new 
vehicles or durlug service of vehicles* If the Idle operation of the engine la erratic or 
the engine la otherwise not functioning properly* adjust carburetor as Instructed* 

The lean drop method adjustment requires the use of a test dwell tachometer, a screw* 
driver, and a 5/ 64 -inch alien wrench* 

Connect the tester dwell tachometer to the engine* Insure that the tachometer Is In 
proper calibration prior to making the adjustment* 

Check to see that the engine timing and dwell are properly adjusted* 

Warm up the engine to normal operating temperature* 

Turn the Idle adjustment screw until the engine reaches TOO rpm*s* 

Remove *He seal plug (fig 2-26) and turn the mixture adjusting screw by using an alien 
wrench t ounter clockwise until thp maximum rpm la reached* 




Fig 2*26* Carburetor adjustment (emission vehicles)* 
Turn the Idle adjusting screw until the engine reaches TOO rpm* 
Turn the mixture adjusting screw clockwise until the engine reaches 640*660 rpm'e* 
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Disconnect the tester dwell tachometer from engine* 

t natal I a new seal plug In the carburetor Idle mixture adjustment ecrew hole* 

2-8* HKMOVAL AND REPLACEMENT OF THE CARBURETOR 

tf the carburetor Idle mixture cannot be adjusted properly* you will psed to replace the 
carburetor. The replacement proceduras for the HoUey and Zenith carburetors are the same* 
except for the float chamber ventilation hose* The procedures are performed In the following 

mannen 

a* Removal* Disconnect the float chamber ventilation hose at the carburetor on Holley car- 
buretors only* Loosen the air Intake hoee clamp and pull the Intake hose from the carburetor* 
t)Ljiconm*ct tUe fliO line and clean "ir Inlet tubes from the distributor and crankcase Iftg 2-27)* 




Fig 2-27* Removing air tube for crankcase* 

Loosen the two screws securing the choke control cable and cable houelng to the carburetor* 
Hull the cable from the clamp and place It to one aide* out of the way (fig 2-28)* 




Fig 2-28* Removing choke coble* 
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hlflffmnect the throttle linkage at the ball joint on the throttle valve lever* The socket on 
the linkage Ib spring loaded and can be released from the ball by pushing down on the socket (fig 




Fig 2*20* Throttle linkage* 



ttnhook ant) remove the throttle return spring from the spring bracket and throttle belle rank* 
Remove the nuts nnd washers securing the carburetor to the Intake manifold* The lower carburetor 
mounting nut also secures the spring bracket which Is removed along with the nut end washer* Now 
remove *<ie carburetor and discard the mounting gasket (fig 2*30)* 




Fig 2*30* Removing carburetor* 

b* Replacement (fig 2*31)* Before you install the new carburetor* make sure that It contains 
(HI the needed fittings* Fittings may be removed from the old carburetor and Installed In the new 
one, Clean the gasket mounting surfaces and the air intake hose connections) then Install the car* 
buretor* Use a new mounting gasket and reverse the removal procedures* After Installation, the 
carburetor must be adjusted as described ee**H**\ 




Fig 2-31* inatalllng carburetor* 
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2-f>* ItKMOVAL A ND REPLACEMENT OF THE CHOKE CABLE 



The choke cable may break or bind In Its housing. If the cable la broken or does not operate 
easily after lubricating, the complete cable and housing must be rspleced* 

a* Removal * Begin by loosening the air Intake hoee clamp and pulll'g the air Intake hose frcm 
the carburetor* Thle la done 00 that you will be able to nee the choke valve to determine Us loca- 
tion when adjusting the new choke cable (flg 2*32)* 




Fig 2-32* Loosening air Intake hose* 

Loosen the cable housing clamp screw and the cable stop screw* Remove the clip that se- 
cures the choke cable to the crank case air Inlet tube* pull the cable and housing from the hous* 
Intf clamp and cable stop on the carburetor {fig 2-93)* 




Pig 2-33* Removing choke cable* 

Now move to the Inside of the vehicle and disconnect the choke cable housing from the dash 
panel* ft Is secured by one nut and washer on the back side of the dash* Pull the old cable and 
housing from the dash and firewall (fig 2-34)* 




Pig 2-34* Removing cable and housing* 
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b* Replacement (fig 3-35)* Insert the new choke cable assembly in the desh panel; place the 
lockwasher and nut on lt# then start at the end of the cable In the rubber grommst In the firewall* 
Slide the cable assembly through the dash panel and firewall grommet until It is In place agalnat 
the dash panel* Tighten the nut and lockwaaher securing the cable to the dash panel (fig 2-35)* 




Fig 2*35* Installing cable. 

At the carburetor, position the choke cable and housing In the cable housing clamp and the 
cable stop* The cable must be adjusted before tightening the clamp and stop screws* To adjust 
the choke, pull the choke control knob out 1/16 of an Inch from the dash panel* Watch the choke 
valve in the carburetor air intake opening and move the choke lever until the valve Is fully open* 
Tighten the cable housing clamp and cable stop screws to secure the cable* Check the operation 
nf the choke* The valve must completely close with the control knob pulled out and be fully open 
with the knob puahed In* 

J-10* REMOVAL AND REPLACEMENT OF THE THROTTLE CONTROL CABLE 

Throttle control cables go bad in the same manner as choke cables* However* the replace* 
ment procedures of the cables are not the same* so let's take a look st how the throttle cable Is 
replaced on the M1S1 1/4-ton truck* All the work for this job will be done from inside the vehicle* 
First locate the place where.the accelerator linkage goes through the firewall* At this point* the 
throttle cable pasaes through a swivel on the linkage and Is secured by a cable stop (fig 2*36)* 




Fig 2*36* Locating accelerator linkage* 
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a* Removal * Loosen the cable atop screw and pull the atop from the cable* Then pull the 
coble from the swivel (fig 2-37)* 



At the back side of the dash panel* remove the nut securing the throttle control cable to the 
daeh panel {fig 2-38). 



b* Replacement* Insert the new throttle cable through the dash panel and secure lt.wlth the 
nut* Stick the end of the cable through the accelerator linkage swivel and pull the control knob 
out 1/16 of an Inch from the daeh panel* Position the stop on the and of the cable so it just touch- 
es the ewlvel with the linkage at engine Idle* Tighten the etop ecrew and push the control knob 
oil the way in* 

2.11* REMOVAL AND REPLACEMENT OF THE FUEL GAGE SENDING UNIT 

Let us euppoee that the fuel gage does not work* and after checking the electrical circuit 
you find that the fuel gage e ending unit is at fault* Thi/ means that you wilt have to replace the 
twndlng unit* Mere le how you would do the job on the M161 1/4-ton truck* 




Fig 2*37* Loosening cable stop. 




Fig 2-38, Removing throttle control cable* 
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a* Removal (fig 2~39>* The sending unit la located In the top of the fuel tank next to the fuel 
pump* So you will have to remove the scnts and disconnect the battery ground cable first* Then 
you can unplug the electrical connection from the sending unit and remove the aorews and lock* 
washers holding U to the tank* 




Fig 2-39* Removing connection and screws* 

b* Replacement (fig 2-40)* Lift the sending unit from the tank and dlsoard the gasket* Clean 
the gasket mounting surface, being careful to prevent dirt from falling In the tank* Position a new 
gasket on the tank and Install the new lending unit by using the reverse of the removal procedures* 




Fig 2-40* Installing sending unit* 

2*12* SUMMARY 

You must be thoroughly familiar with the fuel system components that are used on spark- 
Ignition engines before you can satisfactorily maintain them* For practice, pick vehicles from 
the ones In your unit so that you will have one of each type and model thet is equipped with a 
spark -Ignition engine* Use the vehicle TM*s and this lesson as references to find the fuel system 
components on all the vehicles) then make sure that you know how they are constructed and how 
they operate* 
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 
Las eon 2 

Maintenance of Gasoline Engine Fuel Syeteme 

STUDY ASSIGNMENT: MCl 35,26a, Automotive Fuel and Exhaust Systems* chap 2* 

LESSON OBJECTIVE: Upon successful completion of this lesson, you will be able to Identify the 

basic maintenance procedures of the gasoline engine fuel systems* 

WRITTEN ASSIGNMENT: 

A, Multiple Choice* Select *he ONE answer which BEST completes the statement or answere the 
question* After the corresponding number on the answer sheet, blacken the appropriate box* 

Value: 1 point eech 

U Gasoline ftrea In the repair area are usually caused by 

a* over venule Hon. c* exhaust fumes, 

b 4 spilled fuel* d 4 faulty wiring* 

2* Who la responsible for repairing the fuel system? 

a 4 Vehicle operator c* Dispatcher 

b 4 Mechanic d+ Line NCO 

3* Sterling from either end end working step by step all the way through Is a procedure used 
when Inepecttng the 

e* fuel pump system* c* air Induction system* 

b* fuel system* d* fuel filter system* 

4* The Intake manifold ts considered e part of the 

a* air-fuel system* c* electrical system* 

b* exhaust system* d* starting system. 

5* Linkage, intake manifold* and electric el connections are areas to check when Inspecting the 

a* exhaust system* c* fuel system* 

b 4 electrical system* d* Intake system* 

6* Before Inspecting the air cleaner* you must first 

a* drain the fuel filter* c* meke eure the engine ts cold* 

b* remove the air cleener cover* d* bring the engine to operating temperature* 

7, How are water and dirt removed from the fuel tank? 

a* By use of the ftnel fuel filter c* By draining and flushing 

b, By use of the secondary fuel filter d* By stsam claentng 
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B* 



When flushing the fuel tank, to be sure all dirt* water, and rust drain from the fuel tank* 
you should 



s* stir it up to mix the fuel by using an air hose, 

b* operate the electric fuel pump to mix the rust and dtrt, 

c* use a high pressure steam hose to mix the fuel and dirt, 

9* What ts used to flush the fuel tank after the fuel has been drained from it? 

a* Air pressure c* Cleaning solvent and solvent gun 

b* Stesm cleaner d* Water under htgh pressure 

10* When connecting the fuel lines to the fuel tank, you should 

a* cost the threads with grease to prevent rusting. 

b* turn the fitting nuts * few turns by hand to Insure that they are not cross-threaded* 
c* connect the vent lines first, 

d* turn on the Ignition switch to make sure there ts current in the sending unit switch* 

U* Removal and replacement is the only repair procedure authorized on the ftiel tank at the 
maintenance level. 



a* driver's c* depot 

b* direct d* organisational 

12* To avoid gasoline vapors from building up when removing the fuel pump, you should 

s* drain the fuel tank* c* move the vehicle to an enclosed area* 

b* disconnect the fuel lines* d* locate the vehicle tn a well* ventilated area* 

13* When removing trie fuel pump, loose dirt or trash should be removed from around the 
immediate area to 



a, prevent contamination of the fuel system* 

b* determine wMch size wrench should be used* 
c* determine If there is a leak In the line* 

d* identify the lines* because they have to be removed tn sequence* 

14* When loosening or tightening fuel line fittings, two open-end wrenches are used to 

a* speed up the process so fuel leakage is at a minimum* 

b* prevent breaking fittings and twisting lines* 

c* lessen the chance of causing a spark* 

d* apply added torque due to rust on the fittings* 

15* To avoid spsrks when servicing the fuel system* you would 

a* disconnect the battery ground cable* 

b, use a nonmetalltc wrench* 

c, make sure the vehicle is grounded* 
d* remove the battery from the vehicle* 

16, When refilling the oil in the air cleaner* care should be taken not to overfill the cup. 
This may cause 

d* Isck of air flow to the engine* 

b* oil to be drawn Into the cylinders* 

c* oil to leak down on the spark plugs causing a ihort* 

d* excessive oil consumption* 
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17* The engine should ho running at normal operating temperature prior to 

a* adjuwtlng the carburetor* c* setting the float level* 

h* removing the carburetor* d* replacing the carburetor. 

Ift* The carburetor should be replaced if 

a* the float level is out of adjuatment, 

b* the fuel filter screen is bad* 

c* the Idle mixture cannot be adjuated properly* 

d* there is a leak at the fitting to line connection* 

19* A choke cable that bind 9 in Its housing even after lubrication should be 

a* replaced along with the housing* c* used aa little as possible, 

b* taken apart and cleaned* d* flushed with a cleansing aolutloru 

20* The throttle control cable on the M151 Is connected to the 

a* accelerator linkage inside the vehicle* 

h* fire wall* 

c* accelerator pump on the carburetor* 

d* linkage on the PCV valve* 

21* The fuel tank ia full* but the fael gage registers a quarter tank* Vou check the fuel gage 
and rind it to be good* What would you check next for possible replacement? 

a* The float level in the tuel tank c* The fuel linea from the tank 
h* The fuel pump d* The fuel sending unit 

22* What effect will a bad fuel sending unit have? 

a* The vehicle rttll not run* 

b* The fuel pump wlU not operate* 

c* The engine will have a miss* 

d 4 The fuel gage will not properly operate* 



Total Points? 22 
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Chapter 3 



FUNDAMENTALS OP COMPRESSION •IGNITION FUEL SYSTEMS 
3-1* INTRODUCTION 

It la a a alar to understand tba operation of a piece of equipment tf you first know what le re* 
quired of It* With this In mind, take a look at what oomp re 6a lon-tgnitlon engines require of their 
fuel systsms* Then take a look at tbe types of systems we wtU discuss (fig 3*1)« 



REQUIREMENTS FOR COMPAESSIOftMGNITION 
FUEL SYSTEMS 

Meter 

Distribute 
Atomise 



Time 
Clem 




F(g 3*1* Requirements* 

First* the engine must have fuel accurately metered to Its cylinders* There must also be 
some way for the vehicle operator to vary the amount of fust metered so he can control engine speed. 
Second* equal amounts of fust must be delivered to all of the cyltndere at pressures high enough 
to atomize or to change the fuel Into a fine spray* Equal amounts of fust to the cyllndsrs are needad 
If the angina la to run smoothly* Since tha fuel la Injected directly Into tha engine's cyltndere 
on their compreeeton etrokee, extremely high pressures are needed to atomize and force the fuel 
Into the compressed air* Third* the fuat must be Injected into aach cylinder at exactly the right 
inatant* tf the fuel is injected too soon* it will atari to burn too eoon and a detonation knock or 
engine ping wilt occur* tf tha fuel Is Injected too late* the affective power etrokee are shortened 
and the fuel may etUl be burning when the sxhaust valve e open* This reduce* engine power and 
could bum the exhaust valves* Ths fuel and air suppllsd must be clean and the;© must be no 
restrictions in ths air induction system* Dirt In the fuel will quickly damage close 'fitting parts 
in ths fust injection pump* Dirty air will score cylinder wall 4 * pistons* and tings* Restrictions 
in ths induction system wilt reduce the amount of air entering the cylinders* thus reducing power 
output of the engine* 

3-2* DISTRIBUTOR INJECTION PUMP FUEL SYSTEM COMPONENTS 

a* Purpose* Fuel systems of nuny different designs are used on c om p re e a ton- Ignition engines 
to meet tha requirements listed above in the Introduction* The different systems are classified 
according to the design of the Injector pump that produces the high pressure needed to Inject fuel 
Into ths cylinders* It Is not practical to cover in this chapter tha construction end operation of all 
the different systame* However* one common system that la used In 2 1 /2- and 5* ton military 
trucks equipped with muMfuel engines Is the distributor Injection fuel pump system* We will alao 
discuss the air Induction eye terns used on compression-Ignition engines* To make up the system, 
e truck haa a fuel tank* ln~tank fuel pump* three fuel filters, an Injector pump assembly* six 
fuel Injector nozzles* and connecting fuel lines* In order to become familiar with the system, 
let's trees tha fuel flow through the fuel aystsm and discuss the location and function of the fuel 
system parts* 




b* Fuel tank* The 2 1 /2-ton truck and some of the 5«tcm trucks have one fuel tank mounted on 
the frame side member of the truck* Fuel tanks for military eompre8stan*tgnitlon*englne*powered 
vehicles are about the same aa tanks for spark-Ignition engines* They have a Alter inlet and an 
outlet and are vented to the air cleaner* One difference to that tanks for com pre a slon -ignition 
engines have an opening for a fuel return line* This la because compression-ignition engines are 
always supplied with more fuel than they can use* The exoeee to sent back to the tank through a 
fuel return line* Some 6-ton trucks have two fuel tanks so they can store more fuel* The second 
or auxiliary tank is mounted on the right side of the truck and the main tank is on the left* An 
electric fuel transfer pump is located on a bracket In front of the auditory tank* It to used to pump 
fuel from the auxiliary tank to the main tank* The transfer pump switch to located on the instru* 
ment panel near the center* A float valve In the main tank can shut off incoming fuel from the 
transfer pump to prevent the tank from overflowing (fig 3-2)* 



DUAL FUEL TANKS (5-Ton Truck] 

PRIMARY FUEL FftAKSFEft 




MAIN TAHK AUKIUMY TANK 

tig 3-2* Dual fuel tanks (5-ton truck)* 

c* In-tank fuel pump* An electric ln*tank fuel pump to located in the main tank* The pump to 
che centrifugal, electric -motor-driven type that has a pickup screen to strain the fuel before It 
enters the pump* When the accessory switch on the instrument panel to turned on* the ln-tank 
pump operates forcing the *uel out through the fuel feed line* Pressure on the fuel leaving the tank 
Is about 5 pel* 

d* Primary fuel filter fftg 3*3)* The fuel first flows to the primary fuel filter* On the 2 1/2- 
ton truck* the primary titter is located on the right frame rail of the vehicle* On the 5-ton truck 
It to attached to the frame rail under the left front fender* This filter strains the fuel before It 
reaches any fuel system parts on the engine* Notice that It has a drain valve on the bottom for 
draining trapped water and trash* 




Fig 3*3* Primary fuel filter* 

ffqtet Study fotdout Illustration No 1 In the back of this chapter* As you study, trace the 
fuel flow In the Illustration and note the relative position of the parts* 
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e* Fuel supply pump (fig 3-4)* After passing through the primary Alter, the fuel flows through 
a flexible line to the fuel supply pump Inlet* The supply pump la mounted on* and driven from, 
the fuel Injector pump* It operates only when the engine Is running and boosts the fuel pressure 
to the Injector pump* The pressure from the ln«tank pump Is not great enough to supply the needs 
of the Injector pump* The fuel supply pump assembly Is a positive-displacement, gear-type pump 
that Is a lot Uke the gear- type pumps used In the engine lubrication system* In addition to the 
pump housing It contains Inlet and outlet ports and a check valve* When the supply pump Is not 
operating, fuel flowing from the InHank pump Is blocked by the pump gears* However, the fuel 
pressure Is great enough to open the supply pump check valve which Is held closed by a light spring* 
Fuel then flows through the check valve Into the supply pump outlet, bypassing the pump gears* 
This feature permits in-tank pump pressure to bleed air from the low-pressure section of the 
fuel system before starting the engine* When the engine Is started, the supply pump operates. 
Increasing the pressure at Us outlet and closing the check valve* Pressure produced by the trans* 
fer pump varies from approximately 30 to 70 psl* depending on engine speed and the type of fuel used* 



f* Seco ndary and final fuel niter ( fig 3-5)* Fuel leaving the supply pump flows through a fuel 
line to the secondary fuel filter* Both filters are located on the left rear of the engine* The 
secondary filter Is also commonly called the engine primary filter, but donH confuse It with the 
primary filter that Is mounted on the vehicle frame* The secondary and final filters are both sealed 
by one common cover* Drain valves for draining trapped trash and water are located to the bottom 
of the filters as on all compression-Ignition engine fuel filters* Two vent valves, one for each 
filter, are Installed In the filter cover* Air trapped In the ftu/1 system can be bled off through the 
vent valves* 
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A * Housing cover 

B * Pump housing 

C - Gear 

D - Drive shaft 

E - Idler gear 

F * Check valve spring 

C - Check valve 

H - Check valve screw 



Fig 3*4* Fuel supply pump* 
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Fig 3-5* Secondary and float fuel filter* 



g» Relief valve (fig 3-6) > A relief valve is located in the fuel filter cover* The primary purpose 
of this valve Is to control maximum fuel pressure* This valve Is needed In case either of the filter 
elements becomes plugged. Since the fuel supply pump Is of the positive type* it can build up enough 
pressure to damage itself and oth^r ft'il eysjtem parts if the fuel flow Is blocked* By using the re* 
lief valve when the 'i^ers become plugged* fuel pressure will only build up enough to overcome the 
relief valve spring and force the valve open* Fuel flowing through the open valve is carried back to 
the Aiel tank through the fuel return Une* 




Fig 3-6* FU*>r relief valve* 



h, Injector pump hydraulic head gig 3-7h Fuel flowe from the final stage filter through a tube 
to the Injection pump inlet A *e fitting. This fitting la screwed Into the fuel density compensator 
which is located on the rear of the Injection pump assembly* The fuel density compensator will 
be discufued later* Fuel ie directed from the Injection pump Inlet tee to the Injection pump hy- 
draulic head* In the Injection pump hydraulic head* the fuel Is metered, pressurised, and die* 
trthuted to the cylinders* Just how this Is dons will bs discussed later* Fuel la sent from the 
hydraulic head to the Injector nozzles at the cylinders through high-pressure fuel lines* These 
Une b have thick walls to withstand the high pressure produced by the hydraulic head* The pressure 
may go as high as 3, 200 pal* Notice that the lines are connected to the hydraulic head Uke the 
wired In the distributor cap of a spark Ignition engine* 
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Fig 3-7, Injection pump hydraulics head* 

U Kuel overflow valve (fig 3*8)* About 75% of the fuel supplied to the Injection pump hydraulic 
head is not sent to the engine cylinders* Most of thle excess fuel flows from an outlet on the hy- 
draulic head to the fuel overflow valve and back to the fuel tank* The fuel overflow valve la screwed 
directly Into the hydraulic head and has a spring -loaded valve* The valve has a amall opening that 
allowH a constant flow of fuel through the hydraulic head so thnt any air caught In the passages can 
racapo. The opening also serves as a continuous bleed of fuel to cool the Injection pump. When 
the pressure of the fuel supplied to the hydraulic hoad exceeds the spring pressure holding the 
oversow valve on Us seat* the valve opens* allowing more fuel to be bypassed to the fuel tank, 
fn this wtiy it controls minimum pressure at low rpm and maintains a constant fuel pressure to the 
hydrfiulU: head* 
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Klg 3-8, Fuel overflow valve* 

j* Injector nozzles ( fig 3*9)* Fuel must be Injected Into tht* combustion chamber In a spray 
form* Thl» in accomplished by the Injector nozzle* The Injector nozzle consists of a nozzle body 
that hag ft fuel Inlet connection and on Internal fuel passage* A valve is fitted through the center 
of the ironic body, A cap containing the valve seat is threaded on the combustion chamber end of 
t\w no^tftc body, A spring at the outer end of the nozzle holds the valve tight against its seat In the 
cap* Thu fuel delivered by the high-preeeure line enters the Injector nozzle fuel Inlet, flows through 
;m Internal passage, and fills the irea above the valve seat. There the fuel presses on the valve 
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to lift it off the valve scat* At the moment fuel pressure overcomes the spring pressure lifting the 
valve, fuel in forced through tho seat and sprayed In the combustion chamber directly Into the 
spherical combustion pocket of the piston head* Injection continues until the injection pump output 
pressure drops; then the spring tension quickly closes ths valve* 




Fig 3*9* Injector valve* 



A slight amount of the fuel leaks between the fitted surfaces of the valve and the nozzle body 
to fill the area around the valve spring at the top of the Injector nozzle* The leaking fuel lubri- 
cates and cools the Injector nozzle* A fuel leak-off line ts connected to the top of each Injector 
nozzle to return the fuel to the fuel tank* 

The amount of fuel pressure required to open the valve Is called the Injector nozzle cracking 
pressure* The spring tension holding the valve closed can be adjusted by either a screw adjustment 
or by adding or removing shims on top of the spring* Changing the spring tension Changes the 
crocking pressure* Proper cracking pressure Is a must In order to get a good spray pattern to 
produce the correct atomlzatlon of the fuel* Proper cracking pressure varies* depending on engine 
models, but is generally around 2g 800 to 3, 300 psi* New nozzles should have an opening pres* 
3ure of 3050-3150 pel and used nozzles a minimum opening pressure of 2800 pel to be considered 
serviceable* Used nozzles with less than 2800 psi must be adjusted to obtain 3050-3150 psi, A 
pressure range of not over 300 psi for the complete set of nozzles must be maintained for optimum 
performance* 

3-3* INJECTOR PUMP 

Note t Study foldout Illustration No 2 In the back of this chapter* As you study; refer to this 
Illustration for the location and Identification of the injection pump components* 

a. Main sections of thejwmp* To make the operation of the pump easier to understand, we 
have divided the pump Into three sections as shown In foldout illustration No 2* 

(1) Forward sectiom The forward section of the pump houses the advance unit* This unit 
does the same thing as the centrifugal advance unit on a spark-ignition engine distributor 
does. As the engine ts speeded uft the advance unit causes the fuel to be injected earlier 
In the cycle so that maximum power output can be obtained at any engine speed* The fuel 
Injector pump ts connected to the engine at the advance unit end* A <*ear fastened to the 
Injector pump drive meshes with the engine camshaft gear* The crankshaft gear drives 
the engine camshaft gear, which In turn drives the Injector pump gear* The crankshaft 
gear and the Injector pump gear are the same size so the injector pump is driven at engine 
c rcinkshaft speed (1(1 ratio) (fig 3*10), 
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Fig 3*10* Injector pump driven gear* 



(2) Center section. The center section erf the pump te made up of two parte: the lower part 
and the upper part. The lower part houses the operating oams and the distributor drive 
gear which furnish the power to drive the pump* The u| per part Is the hydraulic head 
which delivers fuel tinder pressure to the Injectors at the proper time* 

(3) Bear flection* The rear section erf the pump houses the governor assembly which helps the 
operator maintain any speed from Idle to wide open throttle* Mounted on top of the governor 
Is the fuel density compensator which corrects the problem of engine speed varying with 
different fuels* 

b* Function of the Injector pump* The Injector pump has three main functions* First* it must 
meter or measure the amount of fuel delivered to the Injector nozzles In all of the engine cylinders* 
A a mall amount of fuel Is needed for engine Idle* but a larger amount Is needed for high engine speed* 
Second, it must pressurize the fuel delivered to the Injector nozzles* The pump must be capable 
of producing pressure greater than the Injector nozzle cracking pressure* Third* it must distribute 
or eend the fuel to the right cylinder at the right time* At idle speed the fuel Is sent to each cylinder 
le It no are the end of Its compression stroke* These three main functions are performed by the 
Hydraulic head* fuel plunger, and fuel plunger sleeve* To understand how all of this Is done* 
let's tttfec a look at one part at a time* 

(1) Hydraulic head (fig 3*11)* The hydraulic head h&s only one fuel plunger which must 
preesurlzo the fuel for all six cylinders* The plunger Is moved up by one lobe of the 
three -lobe cam mounted on a camshaft* Spring pressure pushes tbp plunger down* One 
turn of the camshaft causes the plunger to move up and down three times* Bach time the 
plunger movea up* It preei arizes fuel trapped above It* This fuel Is then Injected Into the 
combustion chamber of one of the cylinders by an Injector nozzle* The Injector pump 
camshaft rotates two turns to pressurize the fuel six times* once for saoh of the engine+e 
six cyllndere* The pump must distribute or direct the pressurized fuel to the right cylinder* 




Aa we pointed out earlier, the fuel outlet a of the hydraulic head are a little like the 
distributor cap on the spark Ignition engine. Instead of wires to carry electricity, the 
hydraulic head haa Unoa to carry fuel to the cylinders* 




Pig 3*11, hydraulic head, 

(2) Fuel plunger (fig 3*1 2), Fuel la distributed to the fuel outlets by turning the fuel plunger 
In the center of the hydraulic head* Fuel is directed Into a fuel line when the fuel distri- 
buting slot, which is machined in the plunger, alines with the outlet to the line* When the 
plunger rotates (me complete turn, Its districting slot will have alined with all six outlets 
to the lines. The plunger Is rotated by the plunger drive gear* The plunger can move up 
and down Inside the gear, The plunger drive gear Is driven by a gear on the quill shaft. 
The camshaft drives the quilt shaft at the same speed as the camshaft. The quill shaft 
gear drives the plunger gear and the plunger at a 2:1 reduction or half as fast* The quill 
shaft Is shown In fold out illustration No 2* 




rig 3*12, Fuel plunger operation* 



(3> Fuel plunger eleeve U\n 3-l3)# Another function of the Injector pump le to meter the 
amount of fuel delivered* The fuel plunger la known as a constant etroke plunger because 
It always moves up and down the same distance* Therefore* it would appear that the pump 
would always deliver the same amount of fuel* However* by adding a plunger sleeve we 
will see that the amount of fuel delivered can be varied. It can be moved up and down as 
deelred by the operator* 

A fuel eptll paeeage drilled In the side of the plunger connects with a vertical passage 
loading to the plunger head* When the plunger Is down, the fuel eptll passage la covered 
by the plunger sleeve « Ae the plunger Is lifted by one of the cam lobes, the spill passage 
Is lifted above the upper edge of the plunger sleeve* Fuel la pressurized above the rising 
plunger while the eptll passage Is covered* When the spill passage ts no longer covered 
by the sleeve, fuel abcve the plunger flows down the vertical passage and escapes through 
the eptll passage* When the accelerator pedal la pushed down* the plunger sleeve moves 
up. The plunger must now rise higher before the spill passage Is uncovered* so more 
fuel ts delivered before the spill passage Is uncovered* When the accelerator pedal la 
released, the elaeve moves back <*own and less fuel Is delivered* 
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Fig 3*1 3* Fuel plunger* 

c* Phaeea of fuel delivery* Let "a review the pressurizing* distributing, and metering by 
going through these functions for ONE cylinder* To make it easier to understand* we will break 
down the dsllvery to one cylinder into four steps or phases* The phases will be No 1 * fuel Intake, 
No 2 * beginning of delivery. No 3 - fuel delivery* and No 4 * end of delivery* 

iX) Fuel Intake < flg 3*14)* During ths flret or ftiel Intake phase, ths plunger Is down* Fusl 
supply pump pressure fills the fuel passages In the hydraulic head up to the fusl delivery 
valve, Excssb fuel and any air leave through the overflow valve and return back to the fuel 
tank. 
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Fig 3*14* Fuel Intake phase* 

(2) Beginning of delivery gig 3*1 5)* The second or beginning of delivery phase starts when 
the camshaft lobe Hub the plunger enough to close off the fuel Inlet and outlet ports. The 
plunger pressurizes the fuel In the pressure chamber, the fuel spill passage* and the 
passage leading to the fuel delivery valve* The fuel pressure must reach about 250 pst 
before the delivery valve opens* 




Klg 3-l5 # Beginning of delivery phase* 

(3) Delivery (fig 3*1 6)* At the third or delivery phase the fuel is pressurised enough to fully 
open the delivery valve* High pressure fuel then flows around a groove out In the fuel 
plunger* This groove is called the fuel plunger annulus* From the plunger annulus the 
fuel flowB up ;he distributing slot which it) now alined with the cylinder outlet passage* 
From the outlet passage, fuel travels through the high-pressure line to tUe Injector nozzle 
and 1? Injected Into the cylinder* 
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Fig 3*1 6* Delivery phase* 



(4) End of delivery tflfl 3*1 7)* At the fourth or end of delivery phase the plunger has moved 
up to the point where the aptU passage Just clears the top of the plunger sleeve* The 
high pressure fuel then escapes down the vertical fuel passage In the plunger and out the 
spill passage* This reduces the high pressure, allowing the spring pressure to close the 
fuel delivery valve* Some fuel pressure, called residual line pressure, is trapped in the 
line to the Injector nozzle* This assures a positive and accurate delivery for the next 
injection. Remember, we have discussed the fuel delivery to only one cylinder* Fuel 
for each </ the other five cylinders will go through the same four phases explained above* 

As stated before, less fuel Is required for lower engine speed* For less fuel, the 
plunger sleeve In the injection pump Is lowered by the operator by letting up on the accelerator* 
This means that the fuel spill passage will be uncovered sooner and the EFFECTIVE pump 
stroke will he shortened* The term * •effective pump stroke** means the distance the plunger 
moves up while the spill passage Is covered* For higher engine speed the operator pushes 
down on the accelerator to raise the plunger sleeve for a long effective pump stroke* Thus, 
the fuel Is metered and controlled by the operator* 
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Fig 3*17* End of delivery phase* 



3*4* MANUAL CONTROL OF THE INJECTOR PUMP 

To stop the engine* the operator pulls a manual control located on the vehicle Instrument 
panel* This control Is connected to the fuel shutoff rod on the Injector pump* Pulling the control 
operates the fuel shutoff rod* which In turn moves the plunger sleeve all the way down* In this 
position the spill passage Is never oovered by the sleeve* No high pressure Is built up to the 
hydraulic bead* and the engine wUl stop because no fuel Is being delivered to tH cylinders* 

3*5. GOVERNOR CONTROL OF THE INJECTOR PUMP 

The accelerator pedal linkage Is connected to the operating lever at the rear of the injector 
pump/ The accelerator pedal does not completely control engine speed* The speed Is also con- 
trolled by the variable speed governor* Unlike the governor used on gasoline engines that con- 
trots maximum speed only* this governor helps the vehicle operator maintain any speed from Idle 
to wide-open throttle by reducing the amount of fttel delivered to the engine* Notice In foldout 
Illustration No 2 that the governor Is a mechanical centrifugal type and Is driven from the rear of 
the Injector pump camshaft* 

a* Governor operation* The operation of the governor Is based on the balance between the force 
exerted by spinning weights and the tension of a spring. When the engine speed Increases, the 
weights fly outward* putting the linkage to change the position of the Injector pump plunger sleeve* 
Pressing on the accelerator pedal Increases the spring pressure holding the weights In* The linkage 
Is connected to the Injector pump In such a manner that the spring pressure tends to move the 
plunger sleeve to the full fuel position. The force exerted by spinning the weights tries to reduce the 
amount of fuel delivered* 

b* Variable speed governor (fig 3*18)* Consider the simple variable sp^ed governor ahown In 
this figure* The weights turn at engine speed* One end of a sliding sleeve rests against the weights. 
Linkage to the Injector pump fuel control Is located at the opposite end of the sleeve so that a 
sliding movement of the sleeve will change the amount of fuel delivered* The operating spring Is 
positioned so that It tends to push the sliding sleeve to the left* moving the flyweights In* Moving 
the operating lever* which U connected to the accelerator pedal* will vary the spring pressure* The 
travel of the operating lever Is limited by the Idle * end maximum * speed screws* When the 
operating lever Is resting against the Idle screw* there Is only a small amount of spring pressure 
pushing the sliding sleeve to the left* Therefore, the weights fly outward* moving the sliding 
sleeve to the right at very low engine speed* Moving the sleeve to the right positions the Injector 
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pump linkage so 0 small amount of fuel ie pumped to the cylinders* To speed up the engine* the 
operator pushes down an the acoelarator pedal* This mike a the spring pressure Stronger and the 
spring moves the sliding sleeve to the left* forcing the weights In* Fuel delivery to the engine to 
Increased and the engine speed Increases* To slow down* the operator lets the pedal ease back* 
The governor weights overcome the reduced spring pressure and push the sliding sleeve to the right 
and less fuel Is delivered* Let's see how the governor works to maintain a constant speed. Assume 
that the operator Is holding the vehicle at $5 raph on the highway* As the vehicle starts up a htlt* 
the engine will slow down if the operator does not push on the accelerator* As the engine slows down, 
the outward force on the weights decreases* The operating spring pushes the sliding sleeve to the 
left* and more fuel Is delivered to the cylinders in an effort to maintain engine speed* As the 
vehicle starts down the hill* the engine starts to speed up without pushing down on the accelerator* 
The weights spin fasten so their outward force Is Increased* The operating spring la compressed 
and the sliding sleeve moves to the right* reducing the amount of fttel going to the cylinders In an 
effort to slow the engine down* As you can see* the operator will not have to move the accelerator 
when going up or down minor grades* Of course* If the hill is steep he will have to move the 
accelerator or he may have to shift gears* Maximum engine speed Is also controlled by the variable 
speed governor* An adjustable maximum speed stop screw was used to limit the maximum travel 
of the acoelarator linkage on the earlier model governors for mutttfuel engines* But it was found 
that using different types of fuel caused differences in the engine's maximum speed. For example* 
If the adjustable stop Is adjusted to limit the engine to 2*800 rpm when using DF-2 dlesel oil* about 
2 $ 600 rpm are obtained when the engine Is operated on gasoline* If the stop Is readjusted to obtain 
2 $ 800 rpm on gasoline* the engine will overspeed when using dlesel ftiel* To correct the problem 
of the engine speed varying with different fttela* the fuel density compensator was added to later 
model Injection pumps tor multtfuel engines that are used In the 2 1 /2-ton truck M3SA2 series and 
5-ton truck M54A2 series* 




Fig 3*16* Variable speed governor* 
3-6* FUEL DENSITY COMPENSATOR 

a* Purpose ( fig 3-1 W* The fuel density compensator automatically adjusts the high-speed stop 
for the type of fuel that Is being used* It Is mounted on top of the governor* The compensator has 
a wedge-shaped stop plate that replaces the maximum speed adjustable stop screw* A eervopistaa 
fitted in a cylinder senses the differences in the fuel and then moms the wedge stop plate up or 
down* regulating the maximum travel of the accelerator linkage. 
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Fig 3*1 9* Fuel density compensator* 



b* Operation ttlg 3*20), To understand how the fuel density compensator works, recall that on 
the power strokes of the engine cylinder the pistons are pushed down by heat energy* The more 
hest produced In the cylinders* the harder the pistons are pushed and the faster the engine runs* 
The Injector pump controls engine speed by regulating the volume of fuel injected Into the cylinders* 
The amount of heat that Is produced by different fuels depends on their weight Instead of their 
volume* The heavier the fuel Is, the more heat tt produces* For example, one gallon of dtesel 
fuel Is heavier than one gallon of gasoline* Therefore, one gallon of dtesel fuel will produce more 
heat energy than one gallon of gasoline* So a multtfuel engine will run faster on dtesel than on the 
same volume of gasoline* Here Is how the fuel density compensator senses and makes adjustments 
for the different heat values of the fuel* Fuel at supply pump pressure flowing from the final fuel 
filter enters the density compensator at the tee fitting screwed Into the rear of Its housing* The 
fuel first flows to the density compensator's pressure regulator valve* Here the fuel supply pressure 
Is reduced to a constant regulated pressure over the entire operating speed range* Fuel at a 
regulated pressure enters the cylinder under the servoptston where It overcomes the spring tension 
above the piston and raises the piston* Some of the fuel leaks between the piston and cylinder walls 
to fill the area above the pteton* The piston le fitted very closely In the cylinder so that the amount 
of leakage Is sensitive to the thickness of the fuel* This clearance Is called the first or density 
acntttttve orifice* Fuel passing to the top of the piston leaves the compensator through the second 
orifice, which Is an adjustable needle valve* Fuel leaving the compensator Is returned to the fuel 
tank* If the fuel passing through the second orifice Is restricted .enough* pressure will build up 
above the piston to a point where the piston la moved back down* The orifices, piston clearance, 
and the needle valve work at widely different restrictions to the flow of fuel* This causes the 
balance of the pressures above and below the piston to be sensitive to the weight or density of the 
fuel* To demonstrate this we will first use dlesel fuel No 2„ the heaviest and thickest fuel burned 
In the multtfuel engine* Secondly, we will use regular gasoline, the tightest and thinnest fuel burned* 
Ths fuel Is delivered to the bottom of the servoptston at a regulated pressure of 20 to 21 pst* The 
thick hepvy dtesel fuel leaks past the close fitting piston quite slowly* Fuel flowing out past the needle 
valve Is not affected as much by the thickness of the fuel, so very little pressure Is built up on top 
of the piston* The regulated pressure Is much greater than the combined spring and fuel pressure 
on top of the piston* so the piston moves up* The piston In turn moves the wedge stop plate up so 
the accelerator linkage Is stopped by the thickest part of the wedge* The linkage cannot travel far. 
ho lefts dtesel fuel Is pumped to the cylinders when the accelerator pedal is pushed down. With 
regular gasoline, regulated pressure enters under the oervoptston tie same as with dtesel fuel* 
Hut ganoltne Is lighter and thinner, so MORE gasoline leaks by the close fitting piston* The large 
amount of gasoline flowing to the top of the piston Is restricted as It tries to flow past the needle 
valve* Now the combined spring and fuel pressure above the piston Is greater than the regulated 
preHHure* The ptuton and the wedge stop plate are pushed down. The accelerator linkage Is now 
stopped by the thinnest part of the wedge so It can move farther to pump more gasoline to the cylinders* 
Thu». the fuel density compensator works to control the maximum amount of fiiel pumped according 
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Fig 3*20* Diagram of fuel density compensator* 



3-7, AUTOMATIC ADVANCE UNIT 

The automatic advance unit In the front section of the Injector pump works on the same 
principles as the governor* Flyweights are driven at engine speed* As the flyweights swing out* 
they force a sliding gear with internal splines to slide on helical splines of the camshaft drive hub* 
As a result of this gear movement the camshaft 1b rotated slightly to advance the Injector pump 
timing* Advancing the timing at higher speeds Increases engine power and fuel economy Just as 
advancing the Ignition timing on a spark-Ignition engine Increases Its power and economy* When 
the engine ts slowed down or stopped* the advance unit springs return the sliding gear to the retarded 
position* Lubricating oil flows from the eagtne's lubrication system to a tee fitting located in the 
advance unit housing* From that area the oil flows through various passages to lubricate the 
advance unit plunger and tappet assembly and governor* The oil drains back to the engine crank- 
caae through the front of the advance unit housing and a line attached to the bottom of the injector 
pump housing* 

3*6* AIB INDUCTION SYSTEMS 

a* Purpose, The air Induction systems on compression-Ignition engines are very much like 
those found on sp ark* Ignition engines. Any differences are probably due to the fact that on com* 
p re eslon -ignition engines maximum amounts of air enter the cylinders on their Intake strokes all 
the time* On spark-ignition engines* the amount of air* as well as the fuel entering the cylinders. 
Is metered* Therefore* tor all engine speeds except wide-open throttle* the compression -Ignition 
engine requires more air* 

b« Function^ Some of the compre salon-ignition engines you may have to maintain are referred 
to as normally aspirated* This means that air ts moved through the air induct! -i system by at* 
mospbertc or normal air pressure and engine vacuum only* 

3*0* SUPERCHARGER 

a* Purpose (fig 3-21, A and B)* Other compression-ignition engines that you may have to maintain 
have supercharged air induction systems* These systems have a device that Increases the pressure 
of the air* forcing more of It Into the cylinders on their Intake strokes* Superchargers can be dnven 
hv t xhnnflt gases* belts # or gears (fig 3*32)* The ones that are used on most military vehicles 
are exhaust gas driven and are called turbosuperchargers or turbochargers* 



3-15 




ERIC 



AIR PUUED 

III F*OM 
AH CLEANER 




A 



B 



Ftg 3*21* Supercharger* 



b* Function of the sujMrcharger tflg 3-23)* This figure Illustrates how a turbocharger works* 
Exhaust gssee* leaving the cylinder* under pressure* are directed through a turbine* The turbine 
Is a wheel with Hades* The rapidly moving exhaust gases strike Hit blades and force the turbine 
to turn* Moimtea on the other end of the turbine shaft Is an Impeller* When the turbine rotates* 
the Impeller rotates also* The Impeller has fan-like blades that pull air from ths sir cleaner* 
compress the sir* and send It on to the cylinders* Because ths air entering the cylinders on their 
Intake strokes Is under pressure* mere air Is forced Into the cylinders* This causes the compression 
and combustion pressures in ths cylinders to be higher* Of course* this mesne that ths power 
output of the engine will also he higher* Tc give you some Ides of how much ths turbocharger 
increases engine power* let** consider two versions of the earns basic engine* The LD-46S multi- 
fuel engine is used In the M35A2-*eiies 2 1/ 2-ton truoks* This engine Is normally aspirated* It 
can develop approximately 14S horsepower* The LDS-49S engine used In ths MS4A2 eerlee 5-ton 
trucks 1* turbochargsd* It can develop approximately 205 horsepower* These two unginea are 
basically the ssme* but thanks to the turbocharger the LDS-46S developa nearly 60 more horsepower* 
Given proper care* the fuel and air Induction systems will have very tew breakdowns* From ths 
repairman's standpoint* proper oare means making sure that the fuel and air delivered to ths 
engine are as clean as possible* Servicing filters Is an absolute must* Otherwise; the expensive 
injector pump* end nozzles will be ruined and the engine itself will probably be damaged* You 
can also expect engine damage if the Injector pump Is incorrectly timed to the engine* If the pump 
timing Is advanced too far* Injection will take place earlier on the compression stroke* The 
resulting combustion pressure will try to drive the piston down before H reaches the end of the 
compression stroke* If the timing is late* the fuel-air mixture may still be burning when the exhaust 
valves open* The exhaust valves* too* would bun due to the heat of the passing burning gat es* 
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Fig 3*22* Turbosupercharger action* 



3-1 6 

81 



1UII IHJttfOfl 



fUll iNjfCTOPUWAND 
MO^nf fUfl IfTutNllNf 




fuii ruin i*om 
p*fM*iv 
rtiti f mi* 
vlmrii 

futi wwiyKimt to I 

fUllflltt* l*4ft UJ»M 



f If K 



Foldout Illustration No U Multlfuel engine fuel system* 




Foldout illustration No 2, Injector pump assembly* 
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AU10M(mVK I'OKL AND EXHAUST SYSTKM8 
Loaaon 3 

Fundamentals uf Compreaaton-Ignitior* Fuel Systema 

STUDY ASSIGN MKNT: MCI 35*25u, Automotive Kuol and Kxhaugt Systema, chap 3, 

l.KSSON OUJECTIVK; Upon aucceaaful completion of thta leaaon, you will be abl<* to Identify the 

baalc fundamentals of the eomprcaslon*lgnition fuel aystem, 

WRITTEN ASSIGNMENT: 

A, Multifile tliulci*; Seict:t the ONK answer which BEST completes the atatoment or answers the 
rpn*Htl"H, After the rur 1*1*11 ponding number oa the answer sheet* blacken the appropriate box* 

Valid*: 1 pt,*itit each 

1 , What la the* purpose of the fuel aystem? 

a* To diatrlbute clean, atomized air to the eylinders at exactly the right time 

Ij, To remove burned gaa from the cylinders 

r , To dlatrlbute clean, atomized fuel to the cylinders at exactly the right time 

d . To atore fuel at the proper temperature 

2 , How id fuel Introduced Into the compression- ignition engine cylindora? 

a . 7*v the injectors e . By the intake manifold 

b , By tue carburetor d . By the intake valves 

:i t What di«>« atomized mean when deaeriblng romproaalon- ignition englnoa? 

a, Water in a vapor form c. Fuel In the torm of a fine spray 

b, Water in very amall droplets d* Fuel that haa boen filtered 

4* The? Injector pump deaign on a combti at ton ignition engine determine* the different 
classifications of the 

a* furt tjyatem* c* engine cooling ability* 

b, air intake yyMem, d* fu^i Intake syatom. 

5 » Vf\v$t ure tlie tiave main aectiona of tlm Injector pump? 

u 4 Relay, retard* and metering aectiona 

V>» forward, center, and rear aectiona 

*.\ Intake, metering, and exhaust aocttona 

tl t Primary, intermediate, and final flow aectiona 

li . The ftve main [tarta of the fuel lujoctor pump are the advance unit, upper part, lower part, 
governor aaaembly, and the 

a , hydraulic head* c , operating head . 

\u cento : part* U, fuel denaity compensator, 
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7* The fimotinnlnK of the Injector pump relics on the 

a. hydraulic head, fuel plunder, and ft*el plunger slccvo* 

b, advance motor. Intake and exhaust valves, 

c* fn*l density compei ntor, the main metering Jet, and the Injectors* 

d, size of the injectors, 

H* b\wl Intake beginning of delivery, delivery, and end of delivery are phases 01 a 

. (i* fuel system operation on the combiistton~lgnltion engine* 

b* fuel system operation on the spark~ignitlon engine* 

c* carburetor operation on the combustion-ignition engine* 

d, carburetor operation on the apark-lgiUtion engine. 

0* To stop a multifuel engine, you shut off the foel supply to the injectors by 

u 4 pulling a manual control on the instrument panel that shuts off ftiel to the injectors * 

b* turning off the igritlon switch* 

e, depressing the accelerator to the floor which chokes out the engine* 
d, pulling out the choke cable and flooding the engine out* 

10* Which sretion of the injector pump controls engine speed by reducing the amount of fuel 
delivered to the engine? 

a 4 Metering c , Governor 

b* Advance d* Regulator valve 

11* What is the function of the fuel density compensator? 

a, Corrects the engine speed varying with different fuels 

b, filters fuel prior to entering the injector pump 
c 4 Supplies fuel to the injector pump 

d, Atomizes fuel before entering the intake manifold 

12* Imtreatdng engine power and fiiol economy at higher engine speeds is the function of the 

u, fuel density compensator* 

b, fuel injectors. 

<■* automatic advance unit in the injector pump. 

d, hydraulic head oi*d fiiel plunger In the compensator valve, 

V\ t On which of the engines listed below will maximum amounts of air ^ntcr the cylinders? 

a, S|Kirk "ignition engine c* Air cooled engine* 

h, C>Huhiif4tiriii*igiiltlQii engine tl. Fuel induction engine 

14. The fuel ny^ti'tn on the apurk- Ignition engine uliowu ^^^^^ air to enter the 



ITi* Wlml rlTect duet* a ^supercharger have oil the eylindcm? 

□ • U ran den lower < oinprewtf ion ami higher aimbastion pregfmreg, 

I), U eaueien lower compressor and coinbnution prettmireg* 

c* It euutfea higJier ci>mpri*HBion and eombustion prestmrctt* 

t\ t li mum*H higher compression and inWer /'unibntttion prettHUretf* 



eyliiidere** 



4* mini mti i>i 
b t maxinniiii 



c* metered 

«L supercharged 




Hi, What in the purport** of a anpcrcliarger on a multifuel engine? 

a t To ailvam?«* tin* timing at high engine npeodn 

U t To n*tanl tUr air prcaantv ai high cmgino apeiKte 

To foivi* inoMj nir Umuigh th*f air UntuctU>n system 
d* To reduce the air flow to the cylinders 



Tot;d ftilwteJ 10 

» s3* i hi 
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Chapter 4 



MAINTENANCE OF rOMPHKKSION-KiNrnON KNGINK PUM, SYSTKMR 



4-1* INTRODUCTION 

VVftlle U la true that mont of the major maintenance on compression Ignition fuel systems 
will he rlom* by fuel unit electrical uyHtems repairmen, there still are many things that are done 
by an organizational repairman* For Instance* you, as a wheeled vehicle mechanic working at the 
organisational level, may be called upon to do any of the followlngf Inspect, teat, service, clean, 
tighten, make some adjustments, or even replace some components of the fuel and air Induction 
uyntiMiiH* It can be Bald that your work wilt be detecting and repairing troubles whtte they are 
xmtiU and before they have a chance to cause more serious problems* This Is probably the moat 
Important part of all maintenance, 

1-2* BNM'KCTlON OF COMPONENTS 

l>ue to the large number of vehicles with multlfuel engines that the Marine Corps haa, you 
will probably do more work on multlfuel fuel systems than on dlenel fuel systems* Therefore* 
we will upend the major part of this lesson on the maintenance ot alr*fuet systems of the 2 1/2- 
ton trucks M30AI and M35A2 which are powered by a multlfuel engine* To begin with, let's dls- 
cuhh how you should go about the job of Inspecting the alr-fuet systems of these trucks, 

a. Fuel tank (fig 4*1)* Start by Inspecting the fuel tank for holes, rusty spots, and proper 
mounting* If the tank has a runty spot or If some other part Is rubbing against It, a leak will soon 
develop* The common causes of leakn In the fuel tank are holes and rusty spots* Inspect the 
filler cap to make sure It seals the filter neck and that It Is still secured by its retaining chain* 
Chock the condition of the filler neck and the fuel strainer* Make a visual check of the fuel gage 
sending unit and fuel pump electrical connections* Check for any damaged or leaking fittings and 
connections* 



h* Fuel linen. Trace the fuel feed, fuel return, and vent Unes along the franje* Check them 
for being broken, leaking, brot, crimped, r damaged In any way* Mak*» sure the Unes are clipped 
securely to the frame so that they won # t break from vibrating or wear itoles by rubbing against 
nearby parts* 

c. Primary filter (fig 4-2)* As you trace the fuel Une you will first come to the primary fueJ 
filter which Is mounted to a frame bracket under the engine generator* This Is the first fitter In 




Fig 4-1, Fuel tank* 
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the fuel HyHtem* Check the filter closely for secure mountings leaks* pnd damage* Open the 
drain valve an the bottom of the filter and watch for any dirt or water* Always oatch drained fuel in 
a container and property dlspoae of It do that you will not cause a fire hazard* Although the primary 
filter &n<1 Its filter element ore not normally replaoed unless defeotlve, an exoesslve amount of 
dirt or water In the primary filter will require that the filter be taken apart and o leaned with a 
dry denning aolvent* 




Fig 4-2* Primary filter* 



d* Secondary and ftnalTjlters (fig 4*3)* The secondary and final fuel Altera are mounted on 
the left rear of the engine Remember that the seoondary filter la often referred to as the engine 
primary filter* If any dirt or water Is found In the primary Alter! drain the seoondary filter* If 
any 1h found In the secondary filter, drain the final filter. When a large amount ot dirt or water 
is found In the filters, eapeolally the final filter* ulean the primary filter and replaoe the secondary 
and final fuel filter elementa* The procedures for doing this are covered later* 




Fig 4-3, Secondary and final filters* 

e. Fuel Injection pump (fig 4*4)* Inspect the fuel Injection pump, operating linkage, and 
connecting linen for proper mounting, external damage, and leaks* Slnoe engine lubricating oil 
in uaed In the Injector pump, you will have to be on the lookout for oil leaks as well as fuel leaka 
white you Inspect the injector pump* Also inspect the ocndtUon of the pt ifoctlve duet oaps at the 
hitfh "pressure outlets of the Injeotton pump hydrautto bead. 




Fig 4*4* Fuel injection system* 



f* High pressure llnes f Inspect the high-pressure lines, fuel Injector nozzles* and fuel return 
lined for damage* leaks* and proper mounting (ftg 4-5)* Uee a wrench to check the fuel Injector 
nozzle mounting bolts for looseness* Any bolts that are loose should be tightened with a torque 
wrench* Use extreme caution when checking for leaks or working near high-pressure fuel lines* 
The fuel is under enough pressure to puncture your skin and could cause blood poisoning* Keep 
your hand** away from suspected leaks white the engine Is running* 




Fig 4*8* High pressure lines* 



g* Air Induction system (fig 4*6)* Move to the opposite side of the engine compartment and 
Inspect the air Induction system* The key arer.s to check are the air Intake or rain hood for excess 
dirt and the air Intake flexible tube for Its condition* Make sure that no air leaks exist In the 
flexible tube* Check the air cleaner mounting bolts for tightness* Release the air cleaner body- 
to-baae mounting clamps and remove the body from the base* Check the condition of the rubber 
Heal and the mounting clamps to make sure that the base seals airtight against the cleaner body* 
Check the filter element for excess dirt, evidence of water* hardening of the filter material, and for 
any external damage* 



Fig 4*6, Removing air cleaner* 



4-3. TROUBLESHOOTING 

a, Pu rpoao (fig 4*7), Even the best maintained mechanical equipment will break down or 
give some kind of trouble* The multtfuel engine fuel and air Induction systems are no exception* 
Various troubles can develop In these two systems that can make the engine operate Improperly 
■r e von atop It from operating or running at all* When the engine or any system Is not operating 
properly, we say It has a malfunction* This means that It la not functioning or working correctly, 
Aa a repairman you must look for the cause of the malfunction and correct the trouble If you can* 
Thin procedure Is called troubleshooting* There are various methods oi troubleshooting, some 
better than others. Sometimes the cause of a malfunction can be hard to find, but by using a good 
troubleshooting method, or system* the trouble can generally be found quite quickly* Let's see 
what 1a Included <« « good troubleshooting system* 



3, 
4, 
5. 
6. 



HOW TO TROUBLESHOOT 

Ask question)* 
Make vliuil Inspection t. 
Make en operational impaction. 
Sum up ttm symptom*. 
Locate the cause of the trouble 
Correct the trouble* 




Fig 4*7, How to troubleshoot* 

b. Procedure* The ft *st step In trouble* tooting Is to find out as much information as potteible 
about the equipment at the time It stopped working correctly* A good way to do this Is to ask the 
taut operator or driver of the vehicle to explain how the vehicle was acting* He may be able to 
tell you certain things that will help you find the trouble* We call these things symptoms* Examples 
of the tfymptomt* you may learn from the driver a ret (1) the engine lost power on steep hills but 
ran ok on level ground* (2) he smetted fuel every time the vehicle traveled down a hill* or 
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(3) the enjrtne mlnftrcrl every ttnio It accelerated or speeded up* The second fltop Is to matte an 
inspection of the equipment that It* not working correctly* fThls step may bo your first step If y^a 
cannot find the previous operator to question him*) Make sure that you look over the entire fuel 
and air Intake system* for anything that might seem to be wrong. Look for broken parte, loose 
or worn parts, and leaks* Also look for anything that Indicates that part which may be In trouble 
or may be causing trouble, Thte Is another method of learning symptoms that may help you locate 
th* trouble (fig 4*8), 




Fig 4-8* Make a thorough Inspection* 

If the engine will operate (run), start It and look for leaks around the ftiel lines and 
connections* This Is known ae an operational or functional Inspection* Remember that y*u have 
several senses that can help you locate the trouble* For example, you might FEEL* SMELL* or 
SEE fuel leaking* You might HEAR the air whistling as It leaks Into a hole In the air cleaner tose 
or pnat a loose hose (ftg 4*0)* 




Ftg 4-9, Operational or functional Inspection* 

Once you have learned all that you can* look over the symptoms* See If they point to any 
part that may be defective or msy be the cause of the trouble* Let's say that the truck hae lost 
power, one of the symptom** Uarned from the driver r have been that It was using more 
ftiel than normal* Thene two symptoms point out that th< Engine Is either getting too much fuel or 
not enough air* One of the more probable causes In this case would be a partially plugged air 
cleaner* The case of the plugged air cleaner element above tells us something else* Don't be 
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too hasty In replacing porta until all nymptoms have been considered* Symptoms that showed up 
In engine power* fuel consumption* and the exhattst system {smoky exhaust) were caused by a 
faulty air Intake component* A poor troubles hooter may have tried to stop the engine from using 
too much fuel by repairing or replacing parts in the fuel system* The main thing is to try to find 
out what Is actually causing the trouble* This is called diagnosing the symptoms and isolating 
the trouble* Your organization also has some test equipment you can use to help locate the cause 
of trouble* Later In this lesson you will learn how some of this equipment te ueed* One <rt the 
trouble* that you might find Is that the engine stops because no fuel is being Injected into the 
cylinders* Tilts could be caused by many different conditions* Let's see how you should proceed 
to locate this trouble. Remember* don't start removing parts. Make e good visual Inspection 
of the fuel system first to include Insuring that there Is fuel In ths fuel tank* Make sure tlte fuel 
lines are not cracked or broken (fig 4-10), 




Fig 4-10* Conducting a visual Inspection of the fuel system* 

Examine the linkage to the fuel Injector pump. The accelerator linkage could be disconnected 
and* with the Idle speed adjustment set wrong* the cyUndere would be out of fuel* Another linkage 
Item that could cause this trouble la the fuel ahutoff control* Make sure It is properly edjusted* 
Adjustment is covered later In this leeson* Check to see If the ahutoff control cable housing has 
slipped reerward out of the clip on the fuel Injector pump as shown in the accompanying figure* 
This condition can cauee the trouble as it has the same effect es pulling out the control In the 
cab (tie 4-11), 




Fig 4*11* Fuel shutoff control cable* 
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If you cannot anything wrong, check to see If the Mel lines are open from the tank to the 
fuel Injector pump (fig 4*1 2)* Thin can be done by first disconnecting the (del line at tha Inlet 
side of the Injector pump hydraulic head, Then turn on the accessory switch and see If fuel Is 
pumped from the tank through the line* Make sure you catch the (del In a suitable container* In 
the above Inspection you are only finding out If the lines are not plugged and the In-tank pump Is 
operating* If the fuel does not flow out of the disconnected line* the trouble has to be back toward 
the tank* If the fuel does fit w, the trouble must be In the fuel Injector pump hlgh-pretmure lines 
or Injector nozzles* 



If no fuel flowed In the above Inspection, there could be many things wrong* The lines and 
filters could be plugged or the in-tank pump might not be operating* If you listen closely to the 
tank, you can hear the In-tank pump humming when it is operating. If the In-tank pump Is operating, 
you con check Its pressure as lndtc ated later In this lesson* If the In-tank pump does not operate, 
check out the electrical circuit to the pump as covered later In this lesson* If the ln-tank pump 
In operating as It should but no (del reaches the Injector pump, the trouble can easily be located* 
With the In-tank pump running, loosen the fittings on the fuel lines or open the bleed valves ons 
at a time to see If (del will flow out* Start at the final stage or engine secondary Alter and work 
toward the tank* Let's say the fuel leaked when you loosened the fitting on the tank side of the 
vehicle primary filter* However, no (del leaked from the fitting on the engine side of the filter* 
This Indicates the trouble Is In the (liter* It's probably stopped up and needs cleaning* 

If (del reaches the Injector pump and the linkage Is all right, the problem must be In the 
Injector pump or the Injector nozzles and lines* You are authorized to replace the high-pressure 
lines; however, It Is unlikely that they are all plugged* The next step would be to notify your eupport 
unit of the condition* Another problem you may find In the fuel and air Intake system Lb an Im- 
proper fuet-oir mixture* We teamed earlier In the lesson that a clogged air cleaner can cause 
a umoky exhaust and low engine power* It can also cause the truck tc use too much (del In the 
combustion chamber* The mixture Is too rich or, in this case, does not have enough air* Let*s 
see what else can cause an Improper mixture of air and fuel* On the early 2 1 /2-ton multifuel 
engines, a turbosupercharger helped supply air to the engine cylinders* If the turbocharger Is 
defective, the fuel-air mixture becomes too rich especially st higher engine speeds* A defective 
turbosuperrtiargcr wilt generally have the same symptoms as a clogged air cleaner* ims includes 
a smoky exhaust, low power* and excessive fuel consumption* You should first check ute air 
cleaner where this condition exists, If the air cleaner element Is not clogged, check the manifold 
heater gaskets for leakage* The gaskets could be blown or the manifold heater elbow could be 
loose* Any leak In this area will decrease the turbosupercharger output* This will cause the 
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Fig 4*12, Fuel Injector pump and lines, 
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fueUulr mixture to be too rich, If the manifold heater gaskets are not leaking and the air cleaner 
1h not clogged, you should notify your support maintenance unit, You are not authorized to test, 
remove, or replace Ihe turbosupercharger, High fuel consumption le a problem that should be 
looked Into as soon as possible* This problem may not seem too Important; however, the driver 
and other perttonnol aboard may be riding a very unsafe vehicle* Let's see how this is possible* 
When a vehicle Is using too much fuel, the first thing to look for Is leaks* If the driver Indicates 
that the engine is developing full power but usee too muoh fuel, It's a good possibility that this le 
what ifl wrong* Much of the fuel system is on the right side of the vehicle. The hot exhaust system 
i» there also, bo you can see the danger, While you are looking for leaks, make sure all fuel 
line fitting* are tight* If you And no leaks during the initial inspection, turn on the tn*»tenk 
pump and recheek for leaks* Start the engine and check for leaks* 

Cheok the air Intake system for blockage, such as a clogged air cleaner* Remember, a 
rtjtftrictoti air Intake system generally causes black exhaust and low power* The engine will also 
tine too much fuel If the Injector pump Is out of time or is not In proper adjustment, Generally 
when the engine Is out of adjustment, it will also be low on power* If this seems to be the trouble* 
notify your support maintenance unit* You should also check the turbocharger for free rotation by 
wiMivlng tin* lir Inlet hose and rotating the compressor by hand* If It doesn't turn freely It le 
cU»h>i'tiv<*. Notify your support maintenance unit* The manifold flame hester a'ds in starting the 
mult if ucl engine when it Is cold* Should you hove trouble starting the engine even with the u£e of 
tin* mimlfoUl hofttor* It is posfllhh; thi* ht^ter Is not working properly, You can trouble 9 hoot the 
tauter In the following manner* 

Inspect the entire Intake manifold flame heater assembly* Make sure it is all there and is 
connocted properly* If the fuel lines, wiring* and ignition unit look all right, find out which system 
Is at fault* It could be the fuel system or the ignition system* First, make sure there are no 
leaks when the Intake manifold flame theater switch is closed* Next* disconnect the high* tension 
lead at the spark plug* Hold the wire about 1/4 inch from the metal part of the spark plug and have 
someone turn on the intake manifold heater twitch. If electrical sparks continue to jump the gap 
between the wire and ths plug metal, the electrical system is all right* If no spark Jumps, check 
out the electrical circuit as outlined later In this lesson* If the electrical system is all right, 
check out the fuel system up to the fuel pump. Make sure the lines are not clogged* If the trouble 
Ilea in the fuel pump or nozzle, notify your support maintenance unit* You should now be able to 
what makes a good troubleshooting system* He sure that you make an inspection before you 
remove any parts* Question the last operator. If possible, to obtain all the symptoms he may be 
nMe to give you, You may have to make a check to find the trouble, such as starting the engine 
to find a fuel leak. Always make a functional lheck once you have corrected the trouble* This will 
insure that the vehicle is In operating condition* 

4-4* TESTING FUEL PUMP 

Testing some of the fusl system components will also bo one of your Jobs* Here are ei few 
testa you will have to make and the procedures for making them* The tn«tank fuel pump on the 
M35A2 2 i /2~ton truck is an electrio pump* This means trouble could show up In either the 
electrical system or the pump itself* Here are the tests you oan make on the pump and bow you 
nhould make them* 

a* Pump pressure test , Remove the bleeder valve frcm the top of the final fuel filter* Install 
the nipple or elbow, whichever is matt convenient* Attach the hose assembly, connector, and gage 
as shown in figure 4-13* 
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Fig 4*13* Fuel pressure gage installed on engine (dual filters)* 



With the dual type filters used on Models LD-46&-1* LD-46S-1C* Ll>T-46&»lC* and 
TJJS-465-1A connect the gage to the bleeder valve located over the final filter. If present* This 
location will give a pressure reading after the final fuel filter* Some dual type fuel filters will 
have only a single bleeder valve located in the center of the filter head* Fuel pressure readings 
t;iken ?it th<* hhwder valve it the center of the filter head will be before final filter* Fuel pres- 
sure* readings tiikt'n "t the top of the final filter* Model LDS~46&-3* will also be before final 
filter* Fuel pressure at the bleeder valve on the Model LDS- 16&-J final filter will be after the 
filter* 

Turn the vehicle master switch (battery) to the "ON 1 ' position to check operation of the 
electric fuel supply pump in fuel tank* A positive indication (2*5 psi approximately) on the fuel 
pri**t8iiru giigc* will indicate an operating vehicle intank fuel pump* If no pressure registers* the 
liit;mk pump and electrical connections should be Inspected and the malfunction corrected* 

The? following fuel pressures* at engine speeds indicated* are required for normal engine 
performance* Pressures listed cover the range for all approved fuels* Lower fuel pressure 
r^adin^s will be obtained* at low idle speeds* with gasoline than with diesel fuel* Pressure read* 
ings for other approved fuels will be between the two readings* Pressure readings for high idle 
speeds are for all approved fuels* 
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Ali i (except late production Modol/ 650*700 rpm 

rjrr*465~m 

(Includes early production Model/ 
IJ)T-465-lC) 

Uitc production Model LDT-465-1C 600- B 50 rpm 



20 pal minimum 

(gasoline) 
30 pel minimum 

(dlssel fuel) 

20 pel minimum 

(gasoline) 
30 pel minimum 

(dloeel fuel) 



Model**! I.D-465-1* I.D-465-1C* 

rjrr-485-ir* ujs-465-i* 

and MJS-465-1A, 



2B50-2900 rpm 



60-60 pel 



MihW IJJS-465-2 



3050-3100 rpm 



60*60 pel 



With the engine at normal operating temperature* fuel preeeure readings should be 
noted and compared with the tihovo rend trigs. |f fuel preeeuree are below required preeeure* the 
filters must be serviced* start with the vehicle primer filter and continuing with eech (liter* In 
order* until required fuel preBeure reading Lb obtained* When fuel pressure gage le Installed be* 
fore final filter (note above) and preeeure readlnge Improve to the required range when second* 
nry furl filter la serviced* the final filter should aleo be eervlced* 



Pressure readlnge above required range would Indicate an obstruction beyond the point 
where the preeeure gage le Installed^or a malfunctioning overflow valve (TM 9 -291 0-22 6*34)* 

Servicing the fuel filters should return the fuel preeeure to acceptable llmltej however. 
If preeeure remains low* check the fuel filter preseure relief valve located In the fuel filter heed 
on dual type filters* Remove the preesure relief valve and spring located In the fuel filter head* 
Inspect the valve and spring for evidence of sticking due to dirt or ruet* Cheek the spring against 
limite specified In repair standards* Inspect the valve and valve eeat for damage or wear* 
Clean tne valve and spring and Install parte or replace with new parts as neceesary* 

Should fuel preesure still not be within normal limite* replace the fuel Injection pump 
overflow valve* 



If etllt low* replace fuel Injection pump transfer pump* 



After completing the test, remove the fuel preeeure gage* hose, and connections and 
etore In carrying case* Install the bleeder valve In the final filter* 

b* Vlsuril voltnge check * If the preseure does not read from 3 to 5 pel* don»t be In too big a 
rmh to replace the fuel pump* The reaeon It Isn't working as It should may be because the elec- 
trical voltage ut the pump Isn't ae high as It should be* or perhaps there le no voltage at &U* Such 
conditions can be caused by looer or dirty electrical connections* broken wires, discharged bat- 
teries, or a bad acceeeory ewlteh* Before making any other electrical tests, make sure that the 
batteries are In good condition* 

c * Voltage test using test equipme nt* To check to see If there Is enough voltage at the pump, 
disconnect tht> wiring harness socket from the fuel pump nt the top of the fuel tank* The wiring 
lifirm'HS contains two wlrest a ground wire* utid the wire from the acceesory switch* Now, using 
it low vottiige circuit tester or any suitable voltmeter* connect the voltmeter negative lead to the 
vehicle frame* Then connect the positive voltmeter lead to the wire at the wiring harnese eocket* 
Tarn on the accessory ewlteh* The voltmeter should read at least 24 volts* The voltmeter will 
not be discussed In this course* If the voltage Is 24 volts or more* any trouble wilt be In the pump 
itself or ground wire* To check the ground wire, remove the negative voltmeter lead from the 
vehicle frame' and connect It to the proper wire at the wiring harness socket* With the accessory 
switch on the positive voltmeter lead still connected to the wire* the voltugc should read at least 
24* If It do^s not* tUv trouble Is In the ground wire* if the voltage reading Is OK, the pump is bad* 
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If no voltage or low voltage 1b shown when the voltmeter Is connected to the wire and the 
vehicle frame as described In the paragraph above* the trouble la most likely In the accessory 
switch or wire* To pin this down even more* remove wire from the accessory switch and con- 
nect the positive lead of the voltmeter to the accessory switch in place of the wire* Be sure the 
negutlve voltmeter lead is connected to a good ground, and turn the* accessory switch on* If the 
voltmeter now shows 24 or more volts* the trouble is in the wire between the accessory Switch 
and the fuel pump* If less than 24 volts is shown at the accessory switch terminal* the trouble 
is (n the switch or the circuit between the switch and the battery (fig 4-14)* 

Check the 2-ampere fuse located under the electrical connector cover located on the fuel 
tank* The cover la secured by three note* Visual inspection of the fuse will tsU if the fuse is 
defective* if It Is defective* re piece It and reconnect the harness* If the fuse blows again after 
the pump has been retested* the ln*tsnk Is defective* 

An electrical test can also be made if visual Inspection determines the fuse la satisfactory 
and the pump still doesn't operate* Use a multimeter check for continuity in the fuse* If a read* 
lug ia observed* the fuse Is good, if no reading la observed* the fuse Is bsd and must be repleced* 




Fig 4-14* Fuel pur>p voltage test* 
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4-5* ADJtlSTMKNT OF LINKAGE 



a* Throttle linkage adjustment for Models Kcqiilatoh vaivfI 

l*l)-485-U U)-46fl-lC* LPT~466-1C* U)S»486-1* 
ami LPS-48S-1A * 

Cut the seal lockir J wire and remove the 
high speed adjusting screw cover (rig 4*16)* 

Hold a short strip of paper between the in- 
jection pump stop lever and the high speed adj*ist* 
tag screw frig 4-16)* 



Fig 4-15* Fuel Injection pump 
with ta rape rp roof 
covers and sleeve 
Installed, 




With the paper strip In position* have an assistant depress the vehicle accelerator pedal 
until It 1b against the full throttle stop on the floor* and hold this position* The Injection pump 
stop lever must be In contact with the high speed adjusting screw* locking the paper strip In posi- 
tion* tf the paper strip can be removed (without tearing} the vehicle accelerator linkage must be 
adjusted* 

Adjust vehicle accelerator Unkaget 

He move the throttle return spring (fig 4-16) and disconnect the accelerator rod linkage 

Hold the accelerator pedal against the full throttle stop* 

Holt] the Injection pump stop lever against the high speed adjustment screw* 

Check the hole allnement between the accelerator linkage yoke and the operating lever* 
The yoke hole should be mlsallned with the operating lever hole by approximately one- 
half (1/2) hole* toward the rear of the pump (fig 4-1?)* Adjust linkage as necessary to 
meet this requirement* Connect accelerator linkage and Install return spring (fig 4*16)* 
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l>'lg 4-17* Checking governor operating lever and 
accelerator rod allnement* 

Adjust the Idle or high speed screws (fig 4*16)* If necessary* to rated Idle or governed 
no intul rpm* 
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b* Throttle linkage adjustment (Model LDS-465-2)* 

Cut the seat locking wire and remove the high 8 peed adjusting screw cover (fig 4-15)* 

Check throttle linkage adjustment following Instructions listed above* If the paper strip 
can be removed (without tearing) the vehicle accelerator linkage must be adjusted* 

Disconnect the throttle control rod at the fuel Injection pump operating lever* 

Check the position of the fuel Injection pump operating lever on the shaft* using template* 
as shown In figure 4-18* The template must be held flush against the side of the transfer pump 
with the cutout In the template seated on the operating shaft* The centerllne mark on the template 
must aline with the operating lever shaft. 




When the fuel Injection pump operating lever 
does not aline with marks on the template (full rack 
position), fuel injection pump calibration must be 
checked on a test stand* 

Refer to TM 9-2320*230-20 for instructions 
to adjust accelerator linkage* 

Adjust Idle speed screw (fig 4-18)« If neces- 
sary* to rated Idle speed* High speed screw should 
only be adjusted on fuel Injection pump test stand* 



Fig 4-16* Checking operating lever 
travel (Model LD5-485-2). 



c* Adjusting the fuel shutoff control . The fuel shutoff control should be adjusted In the follow- 
ing mannert (1) Push the engine stop knob on the dash panel all the way In* (2) Loosen the lock- 
ing screw on the fuel shutoff control wire* (3) Push the Injection pump fuel shutoff control all 
the way In* (4) Now tighten the locking screw on the fuel shutoff control wire so the shutoff con- 
trol will be held all the way In with the engine stop knob pushed In (fig 4-19). 




Fig 4*10. Shutoff control wire* 



4-6* COMPONKNT SERVICING AND RKPLACEMENT 



Since servicing and replacing some multifuel engine fuel system components will also be 
part of your job, we will discuss how you should go about doing some of these tasks* 

a* Scrvl t ng the air cleaner (fig 4*20)* Use the following procedures to service or replace 
a dry-type air cleaner filter element) (l) Loosen the clemp securing the air cleaner bonnet and 
remove the bonnet* The air cleaner bonnet Is also commonly called the rain hood* (2) Releese 
the hootl side panel latches and lower the side panel* <3) Release three "pop-up" type clamps 
securing the air cleaner to the air cleaner support bracket* (4) Lift the atr cleaner from the 
engine compartment* (5) Then lift the dry-type filter cleaner from the air cleaner* (6V Use 
compressed air to cleen the element* (7) Replace the element If It Is damaged In any way that 
will ullow unflltered air to enter the engine* (8) Assemble the air cleaner In the reverse order 
of removal* Procedures end requirements must be In accordance with Instruction In Indlvlduel 



b* Servicing fuel filters (fig 4*21)* The engine primary and final fuel filters are allk^and 
the filter elements for both filters are replaced as follows: (I) Open the drain valves and drain 
both filters* The fuel will dretn faster If you open the bleeder velves (also called vent valves) 
at the top of the filters* (2) Remove the retaining screws end gasket weshers on both filters 
and remove the filter element cases* (3) Remove the discard the gasket washers, housing 
gaskets* gasket washers, housing gaskets* and filter elements, assemble the (liters l*i the re- 
verse order of disassembly* 



TM' 



8* 




Fig 4-20* Atr cleaner* 
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Pig 4-21. Fuelfllters. 



c. Fuel system bleeding* The fuel system must be bled to remove air any time the filters 
are drained* such as when the titter elements are replaced* To bleed flue filters* close the drain 
valves and open the bleeder valves on the fuel fitters* Next* tam the accessory switch on and 
allow the in-tank fuel pomp to All the Alters with fuel* Repeatedly open and close the bleeder 
valves until all at** bubbles disappear* Close both valves* Now, start the engine and again check 
for air bubbles at the bleeder valves* 

d* Servicing the turbosupercharger* Turtosupe rcharge re en 'nuttlfttel engines are lubricated 
by engine oil and have external oil iniet and oil drain tubes* It Is very possible that yon will have 
a chance to replace these tubes* Here Is how yon should do It* To replace the turboeupe rcharge r 
oil Inlet tube* disconnect the tube from the elbow fitting that Is sorewed Into the engine crank* 
case oil passage* Then remove the two screws and washers securing the Inlet tube to the top of 
the tnrbosupercharger* Lift the tube from the engine compartment and discard the tube and the 
turbosupercharger gasket* dean the gasket mounting surfaces and position a new gasket on the 
turbocharger* When Installing the new Met tube* start both the fitting and securing bolts before 
tightening either end of the line <flg 4*22>* 




To replace the oil drain tuba hose* looatn the two boae olatnpa securing the hose to the 
turbosuperoharger anu the engine crankcase tubes* SUp the oil hose from the tubes* Clean the 
connecting tubes on the turboaupercharger and the engine crankoase before Installing the new 
hose* The alrhose connecting the turboaupercharger to the intake manifold may also need to be 
replaced* To do this* loosen the top and bottom hose clamps. Next, slide the hose down on the 
supercharger air outlet until It Is free from the Intake manifold » Then push the hose to one aide 
and pull It up off the supercharger* Finally, position the new boae In the reverse order of the 
removal procedures and tighten the securing damps (fig 4-23)*; 



stopped by tightening, you should replace the line* Remember to use caution when working on 
or near high-pressure lines* 

(1) Removal (fig 4-24)* To remove a fuel Injector line, remove the two self-locking nuts 
securing the Inner and outer mounting clamps that clamp the line to be removed* Slide 
the dust cap up at the Injector pump hydraulic head, revealing the injector tube nut* 
Unscrew the tube nut, being very careful to prevent any dirt from entering the hydraulic 
head after the nut Is removed* Now, unscrew the injector tube nut at the Injector nozzle 
and remove the line* 




Fig 4-23* OU drain tube and Intake manifold hose* 
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Fig 4*24* Fuel Injector lines* 



(2) Replacing * When you are Installing the new line* position It as shown In the ac company - 
Ing Illustration* Start the tube nuts at both ends of the line before tightening the nuts or 
line clamp* Make sure that the dust cap Is In place and that the clamp holds the line 
firmly* Start the engine and check for fuel leaks* 

(3) Fuel Injector nozzle and holder assemblies. All fuel Injector nozzle and holder assem- 
blies are removed In a similar manner* For Instructional purposes* No* I fuel Injec- 
tor nozzle will be removed* 

(a) Removal * Disconnect fuel return to fuel Injector pump overflow valve tube (A, fig 
4*25) from tube tee In nozzle and holder assembly* Disconnect the fuel injector 
nozzle fuel return tube <&) from between the tube tees In the fuel Injector nozzle 
and holder assembly* Remove the tube* Remove the fuel return tee <C)* Discon- 
nect the fuel Injector tube (D) from the fuel Injector nozzle and holder assembly* 
Remove the two caps crews (E) and lockwashere securing the fuel Injector nozzle 
and holder assembly to the cylinder head* 




Fig 4*25* Disconnecting or connecting fuel 

Injector nozzle and holder assembly* 
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Hemovo the fuel Injector nozzle and holder assembly (A* f(g 4-26) with ho Id down clamp 
<B> tittaehed* Remove the holddown clump from the nozzle and holder assembly* Note the posi- 
tion of the dowel pin hole In the clamp and locating dowel pin in holder* Remove and discard the 
fuel Injector nozzle gasket (Ch Remove the dust seal (Dh Do not discard the seal if U Is ser- 
viceable* A new or serviceable seul must be installed at assembly* Plug openings to prevent 
entry of dirt* 




Fig 4*26* Removing or Installing fuel 

injector nozzle and holder assembly* 

If the nozzle and holder is seized in the cylinder head* insert the threaded end of the 
fabricated nozzle and holder remover (fig 4-27) in the threaded opening of the holder* as shown 
in figure 4*27* and remove the holder assembly from the cylinder head with the slide hammer 

attachment* 



NOZZLE AND HOLDER ASSEMBLY 




Klg 4 27* Removing nozzle and holder assembly 
using fabricated remover* 
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(b) Install nozzle and holder assemblies on nozzle tester* 



Before testing the nozzle and holder assembly, clean the nozzle external area to remove 
carbon and dirt* Do not allow dtrt to enter the fuel Inlet opening* 

Mount the Injector nozzle and holder assembly (A* fig 4*28) on the nozzle tester using 
connector tube as shown* Fill reservoir (B) with fuel* Close the pressure gage valve (O* 
Actuate the pump handle (D) approximately 25 strokes to clear all sir from the nozzle and hold- 
er assembly* 




Fig 4-28* Testing fuel injector nozzle and holder assembly* 

Warning; The penetrating power of atomized fuel under pressure from the Injector nozzle 

Is sufficient to puncture the skin and may cause blood poisoning* Keep your hands 
awey from the nozzle during test* 

(c) Test nozzle and holder assembly* 

Open the pressure gage valve and actuate the tester slowly to raise pressure* Note 
the gage pressure when the nozzle opens* New nozzles should have an opening pressure of 3050- 
3150 psi, t'nd used nozzles should have a minimum opening pressure of 2800 pal, to be considered 
serviceable* Used nozzles with less than 2800 pat opening pressure must be adjusted to obtain 
3050-3150 dsI* A pressure range of not over 300 psl* for the complete set of nozzles* must be 
maintained tor optimum performance* 

Two optional construction nozzle and holder assemblies have been supplied* One type 
Incorporates sn adjusting screw to adjust opening pressure* The second type requires the removal 
and Installation of shims to adjust the pressure* 

Turn adjusting screw clockwise to increase pressure and counterclockwise to decrease 
pressure* Tighten the locknut and check pressure* Torque tighten the locknut to 40-45 pound* 
feet, after pressure is adjusted* and recneck the pressure* install the cap gasket and cap after 
final setting* Torque the cap to 40-45 pound-feet* 

Remove the nozzle cap* Add shims to increase pressure and remove the shims to de- 
crease pressure* A 0*001 -inch shim will change the opening pressure approximately 150 psl* 
Install the nozzle cap and torque tighten the cap to 40*45 pound-feet* The pressure check must be 
mode with the capnut installed and properly torque tightened* 

With the pressure gage valve open, actuate the tester slowly to build up pressure* As 
specified opening pressure is approached* observe the nozzle spray holefo)* If a dropts) of fuel 
forms* or If fuel issues as a stream below 2600 psl* the nozzle must be cleaned and repaired or 
replaced* 
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Close the pressure gage valve and operate the pump handl* at approximately 15 strokea 
per mintlte* Nozzles for Models LD-465-1, LD-465-1C* LDT-465-1C* and L OS -465-1 have two 
spray holes and will have a duel spray pattern* Nozzles for Models LD6*465~1A and LDS*465~2 
have one apray hole and will have a single spray pattern* If the ho!e(e) are clean, the pattern 
should be sharp and concise (refer to figure 4* 291* If the spray pattern Is poor and does not Im- 
prove with continued operation of the teeter, the nozzle must be cleaned and repaired or replaced* 

Normally a nozzle will bark (chatter) when the valve opens* Chatter should be distinct 
and regular although an occasional skip or variation In aound pitch Is acceptable* This condition 
generally accompanies a properly functioning nozzle and Indicates that the valve la free and the 
valve seat surface Is clean. Pump the handle rapidly and observe that a fine spray Is emitted and 
a chatter or squeak sound Is heard at each stroke* If chatter and sound pitch are Irregular, and 
do not Improve with continued operation on the tester* the nozzle must be cleaned and repaired or 
replaced* 
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flf 4*38* Typical aottle and holder spray patterns* 

(d) Disassembly * 

Adjusting screw type nozzle and holder assembly* 

Clamp the fuel Injector nozzle and holder assembly (A, fig 4-30) to a soft* jawed vise* 
Hold the lock nut (b) to prevent turning the cap Is removed* Remove cap (c)* Remove and 
discard the cap gasket* 




Fig 4*30* Removing or Installing nozzle and holder 
assembly cap (adjusting screw type)* 

Looaen the locknut (A* fig 4-31)* Remove the adjusting screw (B) and locknut* Remove 
and discard the locknut gasket* Remove spring (C)* Remove spindle (d)* 

Place nozzle holder (A* fig 4 -32) to a vise* Remove nozzle capntit (b)* Remove nozzle 
body (C) and valve as an assembly* 

Caution: The valve should not be handled with your bare hands* Such handling will wipe 
oil film from part and may cause a sticking valve* Do not permit the polished 
surface of the valve or body to come to contact with any hard substance* Remove 
the valve carefully to prevent damage to surfaces* 

Remove the valve from the nozzle body by using pliers as shown to figure 4-33* 
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Ftg 4-31* Removing or Installing locknut, adjusting 
screw spring, spindle* and gasket (adjust- 
ing screw type)* 
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Fig 4*32* Removing or installing nozzle 
capnut and nozzle assembly* 
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Ftg 4-34* Removing or Installing valve* 
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llemove cjip (A* fig 4-34) shims (10* spring (G># and spindle (F) from the nozzle holder 

body (B>* 



Place the nozzle holder in a viae as shown in figure 4*32 and remove the capnut (D, fig 
4-34)* Horoove the no^le body (C-2> and valve (C-i) as an assembly* 

Remove the valve from the nozzle body by using pliera as shown in figure 4*33* 

(e) Cleaning* 

Soak the volve (C-i* fig 4-3S) and nozzle body (C-2) in carbon removing solvent to re- 
move major carbon deposits* 





Fig 4-34* Fuel injector nozzle and holder assembly 
-exploded view (shim type)* 
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Fig 4-35* Fuel Injector nozzle and holder assembly 
-exploded view (adjusting screw type)* 

Clean the valve (C-l fig 4*35) with a soft cloth or a felt pad and mutton tallow* The 
valve can be hold by the stem In a revolving chuck during this operstlon# A piece of soft wood# 
well soaked In oil* may be used for cleaning carbon from the valve* 



Caution? Do not scrape carbon from the valve or Inner surface of body with any sharp tool* 
abrasive material* or wire brush* Highly polished surfaces may be severely 
damaged* 

Clean carbon from the spray nozzle hole In the nozzle body (c»2 fig 4*35) by probing 
with ft 0* 025-Inch d '.a meter cleaning wire* Use extreme care while cleaning to prevent break* 
;»ge of the cleaning wire In the hole: It Is often Impossible to remove broken pieces* 

Clean the Inside cf the nozzle body (C-2 fig 4-35) with s formed piece of soft wood* 
well soaked In oil* The point of the wooden probe should correspond to the angle of the valve seat* 
Clean the outer surface of ttw body with a soft cloth soaked lit carbon solvent* Do not scrape 
carbon from the surface around the orifice* 

Clean cap (A* fig 4-33)* nozzle holder (B)* capnut (D>* spindle (F)* spring (G)* adjusting 
Bcruw (ll)* locknut gasket (J)* locknit (K>* and shims (K) with dryclr;inlng solvent P*D~680, Re* 
move sludge and gum deposits from the fuel passage In the body by using a suitable probe* 

(0 Inspection * 

Inspect the seat of the valve (C*l) and nozzle body (c»2) for evidence of wear* distortion 
of th* valve seat due to pounding* discoloration due to overheating* and for pitting* Inspect the 
Mtfhly poltfthed shoulder for scratches and discoloration* Check the fit of the valve In the nozzle 
body* The valve should slide freely to Its scat without aid* Inspect the body valve seat using a 
Btrong light and a magnifying glass for scratches* discoloration* wear* pitting* and evidence 
of pounding* Defective parts are cause tor replacement* 
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Inspect nozzle spring (G) for cracks and evidence of wear* 

Check spindle (p) for straighlnesa* Check the spindle with a straight odge and strong 
light in at least two positions '90° apart* Replace the spindle If not straight* 

Check nozzle tapaut threads* nozzle holder body threads* and adjusting screw threads 
for damage* Replace nozzle and holder assembly when these threads are stripped or damaged 
heyond repair* 

((f) Repair* Repair of defective parts Is limited to the reconditioning of damaged threads and 
the lapping of the valve to the valve nozzle body* Repair damaged threads* and lap the valve In the 
body to remove minor dlscoloratlons* Replace parts showing wean pounding* or pitting* Replace 
the nozzle assembly If the spray holes are oversize or If they cannot be freed of obstructions* 
Replace the nozzle assembly when lapped sealing surface of the body Is badly scratched or nicked 
or when pollahlng on a lapping plate does not remove the defects* Remove minor scratches from 
the sealing surface with fine compound on a lapping plate. The nozzle body must be held flat on 
the tapping plate during thla operation* Replare the nozzle body W the locating dowel pin Is loose 
or damaged* 

<h) Assembly* Refer to Instruction on the adjusting screw type nozzle and holder assembly 
or shim type nozzle and holder assembly above and reverse the Instructions to assemble the fuel 
injector nozzle and holder assembly* The nozzle ab»?mbly <C> must be centered In capnut (D> 
during assembly* Torque tighten the capnut to 40*46 pound -feet. Test the nozzle after assembly* 
Observe torque of 40*45 pound-feet on locknut on the screw adjusting type nozzle and on the cap 
on both typp nozzles* If It Is not to be Installed Immediately* the nozzle and holder assembly 
should be suitably protected to prevent entrance of dirt* 

Note: The fuel Injector nozzle and holder assembly Is precision manufactured and assembly 
requires special precautions* The nozzle must be clean and free of any grease deposits or finger 
atalns* Store the nozzle and holder assembly In a suitable container to prevent entrance of dirt* 

(0 Installation* 

Coat the fuel Injector nozzle and holder assembly body (flg 4*36) with high temperature 
silicone compound* conforming to MIL*S-806O* before Installation* 

Reverse the Instructions listed above to Install the fuel Injector nozzle and holder assem* 
hly* Install the dust seal and a new nozzle gasket* Hold the gasket In place with a light coating 
of grease* Install the holddown clamp with the dowel pin hole over the dowel pin In the nozzle and 
holder assembly* 

Tighten holddown clamp screws evenly to prevent uneven stress on the clamp and nozzle* 
Torque tighten holddown clamp screws to 1&0-176 pound-Inches* 
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Fig 4-36* Coating fuel Injector nozzle 

holder body before Installation* 

A cross -aect ionol view of a typical fuel injector nozzle and holder assembly is shown 
In figure 4-37* 




Hg 4*37* l<V* injector nozzle and holder 
assembly -sectional view* 
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 



Lesson 4 



Maintenance of Compress ion- Ignition Engine Fuel Systems 



STUDY ASSIGNMENT: MCI 35* 25a* Automotive Fuel and Kxhaust Systems* chap 4, 

LKSSON OBJECTIVE j Upon successful completion of this lesson, you will be able to identify the 

basic maintenance of the compression-ignition engine fuel system* 

WlUTTKN ASSIGNMENT; 

A* Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question* After the corresponding number on the answer sheet* blacken thu appropriate box* 

Value: 1 puint each 

1 * What effect will holes and rusty spots have on the fuel system? 

a* Development of excessive fuel in the fuel lines 

b* Excessive pressure In the fuel lines 

c» Loss of fuel 

d* Clogged fuel lines 

2* To help elln^ate vibration In the fuel lines* the lines must be 

a, secured properly to the? /eh f cle frame* 

b* made of copper to cushion the vibration* 

c* s**eurvd by rubber clips* 

d* made of rubber or similar materials* 

3, If dirt and/ or water an* found in the primary filter located on the engine frame, you would 

a. drain and check the secondary filter* 
b* drain and check the Injector pump* 
e* drain the fuel tank. 

d* drain the final filter to eliminate a possible air leak* 

4* When would you drain the final fuel filter? 

a* After draining an<l cleaning the fuel tank 

b» If the injector pump has An air lock In the line 

c * If the primary filter has an air lock in the line 

d. After draining the secondary filter and discovering dirt or water 

5* The key points to check when inspecting thu fuel injection pump are proper mounting, 
external damage, and 

ti. air leaks. c. evidence of water* 

b* fuel or oil leaks* d, overheating. 

64 Why are high pressure lines considered dangerous? 

a. They could break and puncture your akin. 

b* They will txplode when exposed to moderate heat* 

c, They are under pressure all the time* 

d, They emit a poisonous gas when ruptured* 
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What is tho air intake or rain hootl in the air induction system checked for? 



a. Excess dirt 

b, Leaks 



c* Kxccss heat 
d. Water vapor 



a. 



The flexible tube in the air induction system should be checked for 



a 4 leaks* 
h. dirt* 



c* water* 
d» rust* 



9. Wlmt is a good way to start your troubleshooting of a malfunctioning vehicle? 

a. Refer to the lost quarterly Inspection. 

U, Find out when the next quarterly Is due* 

e. Ask the last driver of the vehicle how the vehicle was acting* 

d. Update the scheduled preventive maintenance* 

10* When? is the pressure gage connected when making a fuel pump pressure test? 

a. At the inlet side of the fuel pump e* At the outlet side of the carburetor 

b* At the fuel outlet side d 4 At the Intake manifold vacuum 

1 1 * The voltmeter is used when making a ftiel pump test to determine 

a, the amount of resistance* c 4 voltage at the pump* 

b* amperage flow* d* fuel flow* 

12 The eontrol linkage adjustment for the injector pump is the main adjustment that you* as 
on organizational mechanic* can make to the 

a , multlfuel engine injector system * 

b* compression-ignition fuel and air system* 

c t ehoke circuit 

d* supercharging system* 

13* Proper maintenance when cleaning the dry type air cleaner Is cleaning it with 

a . solvent * e , gasoline * 

l», soap and water* d 4 compressed air* 

14. Cleaning the filter elements, installing new gasket washers and housing gaskets* and 
replacing the filter elements are procedures for servicing the 

n • primary fuel filter* c* engine secondary and final fuel filter, 

b, fuol pump fuel filter* d 4 in line pump filters* 

15* The bleeder valves on the fuel filters are used for what purpose? 
a* To drain air from the fuel 

b. To prime the fuel system on the multlfuel engine 

c* To take a fuel pump pressure test 

d* To check the filters for dirt, water, and rust 
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16* Where does the turbosupercharger on the multifile! engines receive its lubrication from? 

a* It trou its own oii supply system* 

b» It receives its oii from the transmission* 

c* ft receives its oil from the engine lubrication system* 

<1* It has an external oil reservoir located inside the cab* 



Total Points: 10 




Chapter 5 



CONSTRUCTION AND OPERATION OP EXHAUST SYSTEMS 



5-1. INTRODUCTION 

The exhaust syetem la a relatively aimple part of a vehicle* However, it playi a very Im- 
portant part in vehicle maintenance* Above sll, leeks in the system muat be promptly repaired* 
Aa you know, exhaust gsses contain carbon monoxide which ia a deadly poisonous gas. Carbon 
monoxide ia eapecially dangerous became It la colorless and odorless* The driver and psesengere 
of a vehicle can inhale a fatal doae of carbon monoxide without knowing it, Thia can be the result 
of an improperly repaired or defective exhaust system* 



5-2, PURPOSE OF THE EXHAUST SYSTEM 

The exhaust gas leaving the engine la very hot and contains corrosive substances. It can 
ruin flexible hoses. Insulation on wiring* and paint on the vehicle* It can also start fires* In 
addition* the exhaust gas leaves the engine under high pressure, creating s loud, undealraiile 
noise. The purpose of the exhaust aystem is to direct the exhaust sway from the operator's and 
passenger's compartments and sway from electrical wiring and other materials that the exhaust 
can damage. The system muat also include a means of muffling the noise created by the escaping 
gases. A typical exhaust system is shown in figure 5*2* It consists of the exhaust manUold, ex* 
hauat pipe, muffler, tailpipe, and clamps* Often the exhaust and tailpipe are made up of several 
pieces* Notice that the tailpipe in the figure has three sections* C, D, and K* 




Fig 5-1, Exhaust gases 



contain the poisonous carbon monoxide gas* 
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A-Kxhaust manifold 
B-Muffler 
C-Front tailpipe 
P*Rear tailpipe 
F-Rear tailpipe hanger 



F-Front-to-rear tailpipe clamp 
G -Muffler -to* tailpipe clamp 
H-Exhaust pipe 

J* Exhaust pipe* to* muffler clamp 
K-Tailpipe extension 



Fig 5-2* Exhiuat system* 



5-3* EXHAUST MANIFOLD 

The exhaust manifold (fig 5*3) collects the burned gases as they are expelled from the engine 
cylinders and directs them into the exhaust pipe* The manifold may be made of oast iron or 
assembled from steel tubing* Usually* Ranges are made on the manifold where It connects to the 
engine and to the exhaust pipe* 




Fig -3* Exhaust manifold* 
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a. FlangeB (fig 5-4)* The mating surface* of the flanges ere machined to a smooth finish tc 
provide sn airtight seal against the engine and the exhaust pipe to prevent the exhaust gases from 
leaking* Sometimes a metaMo-metal contact is used to provide the seal* but most of the time an 
asbestos gssket is used between the exhaust pipe and manifold outlet flange* Nuts made of brass 
are often used to secure the manifold flanges because brass does not rust The extreme heat of the 
exhaust causes steel nuts to rust very rapidly and thus makes them hard to remove* 
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?tg 5-4* Exhaust flanges* 



b* WP**r frftkata. Some military wheel vehicles use exhaust msnlfolds that hav* water jackets 
for liquid coolant Coolant that la used to cool the engine passes through the exhsust gases* reducing 
the amount of noise* and reducing the damage that exhaust heat causes to the exhaust system and 
other nearby parts* 

c* Mfnlfold passage design tflg fi-SK Exhaust passages Inside the manifold must be fairly 
smooth and free of sny obstructions that will slow the flow of exhaust gases* Sharp turns should be 
svolded In designing and manufacturing all exhaust system components* Often one exhaust manifold 
Inlet port handles the exhaust from two cylinders that are side by side* This Is possible because 
the two cylinders do not have their exhaust strokes at the same time* 
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Fig 5-5* Manifold design* 

5-4* INTAKE MANIFOLD HOT SPOT 

On msny spark Ignition gasoline engines the exhaust gases are used to heat the fuol-alr 
mixture when the engine Is cold* This 1* done because gasoline will not vaporize well when cold* 
in order to do this* the Intake and exhaust manifolds of In-line engMes are usually bolted 
together and are designed so that the hot exhaust gases can flow througn a passage around the in* 
take manifold* This P**eage Is called the Intake manifold hot spot 

a* Heat control valve f ftg 5-6)* To control the flow of gases through the Intake manifold hot 
spot* a valve is placed In the opening between the two manifolds* Notice that the valve can be 
moved to either open or close the opening to the Intake manifold. The heat control valve may be 
operated automatically or manually* 



HEAT CONTROL VALVE 
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Fig 5-6* Heat control valve. 

b. Automatic control of hot soot (fig fi~7l For automatic control, a thermostatic spring is 
mounted on the end of the heat control valve shaft In the exhaust manifold* When the engine Is 
cold* the spring Is contracted and holds the heat control valve so that exhaust gssee are directed 
through the manifold hot spot* As the engine heats up* so does the thermostatic spring* The 
heat expands the spring* which turns the valve* Exheust gases then travel directly to the exhaust 
pipe* bypassing the Intake manifold hot spot* 
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Fig ft-?* Automatic control of hot epot* 



c Manual control of the hot apot (fig 5*8)* For manual control of the valve, a plate (with 
marking* to Indicate the position of the valve) is Installed on the control valve abaft, The plate must 
be moved by hand to the desired position and then secured with a locknut, 




Fig 5-8. Manual control of the valve* 



5-5* EXHAUST PIPE 

The exhaust pipe Is the passageway for the exhaust gases to flow from the manifold to the 
muffler* It la a heavy eteel tube which may be flanged at both ends so It can be easily attached to 
the muffler* The flanges may have drilled holes so they can be bolted together, or they may be of 
the shoulder-type flange joined together with a clamp* Often, at the muffler end of the pipe there 
may be no flange a at all. Then the exhaust pips Mips Inside the Inlet extension on the muffler and 
a clamp Is used to squeeze them together, making an airtight seal (fig 5*9). 
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Fig 6-9* Exhaust pipe. 



a, Kxhauat pipe size. The diameter or the exhaust pipe Is determined to a large extent 
by the size or the engine* On a small* one* cylinder engine* a pipe no larger than a small water 
pipe may be enough to do the job* A larger engine may require an exhaust pipe that is three or 
more inches In diameter to carr> the larger amount or cxhauet gases* 

b 4 ifohauat Pipe length. The length or the exhaust pipe Is determined by the design of the 
vehicle* If the engine Is In the front or the vehicle and the muffler Is mounted In the rear* the 
ptpe will* of couree* have to be long. Often long pipes will be In two sections* To 'Provide as much 
road clearance as possible* pipes are formed in odd shapes so they can fit well up under the 
vehicles without touching other components* Long pipes are also supported rrom the vehicle frame 
fay hangers* The center portion of the hanger may be made from a flexible material to absorb 
vibration* 

5*6. MUFFLER 

The purpose or the muffler Is to muffle (reduce) the exhaust noise* The perrect muffler would 
silence all of the noise made by the exhaust gases ano would eliminate all back pressure* However* 
it Is not practical to make a muffler this perfect. Therefore* mufflers In common use cause some 
back pressure and do not silence all or the noise* The muffler reduces most or the noise by cooling 
the hot exhaust gases to reduce the pressure* The chambers between the baffles Inside the baffle* 
type muffler also produce a deadening effect by smoothing out the surge* of gases flowing from the 
cylinders* The straight-through-type muffler will cause very Uttte back pressure but does not do 
as good a job or muffling the noise* The baffle-type muffler causes more back pressure but does s 
better job of muffling the noise* 

a* Straight -through^type muffler (rig 5-10)* There are two basic muffler designs. One Is called 
the straight-through type In which a pipe extends straight through the muffler* Holes are drilled 
all around the pipe* and metal shavings or glass wool are packed In the chamber that surrounds 
the through pipe* 
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oumr 



Fig 5-10* Straight-through muffler* 





b. Baffle «tv&e muffler ( fig 6-11). The other muffler design is called the baffle-type muffler* 
Here the exhaust entera the muffler and then must travel through holes In several baffles before 
it eacapea through the muffler outlet, Often a email hole ta drilled tn the bottom of the muffler to 
allow condensed water to drain* Mufflen are made of sheet metal end are crimped or welded 
together at the seams* They cannot be disassembled. 



BAFFU TYPE MUFFLER 
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Fig 5-11. Battle-type muffler* 



5-7* TAILPIPE 



The tailpipe carries the exhaust gases from the muffler outlet to a oolnt where they can be 
safely ejected from the vehicle* It is made of steel tubing that may be a little smaller tn diameter 
than the exhsust pipe. A smeller pipe can be used because the muffler has cooled the gases a great 
deal, causing them to contract. The pipe may be secured to the muffler by either a flange or a 
slip- together- type connection* To Insure that the pipe stays In the proper position along the body or 
frame of the vehicle, hangers are used. 

a* Attaching tailpipes to vehicle cabs (flg 6-12). Some tractor- type trucks have their tatlpipoe 
run up the sloe of the cab awl directed at towed trailers. 





Fig 5-12* Tailpipe attached to vehicle cab* 
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b* Preparing tailpipes for deep water fording (fig S-13)* To prepare a vehicle for deepwater 
fording* a special tailpipe ex ten a ton la usually required* The extension Is connected to the vehicle 
tailpipe and extends up alongside the vehicle body* Plpea like these* or thoae on tractor trucks 
that point up* should either be curved outward at the end or have a weather cap Installed* Other- 
wise* rain water can enter the pipe. The weather cap may be a flapper valve that la dosed by s 
spring or the weight of the valve and opened by exhaust pressure* 




Fig 5*13* Preparing tailpipes for deep water Cording* 



5-B* TYPES OF EXHAUST SYSTEMS 

Vehicles equipped with V-type engines may have single or dual exhaust systems* When the 
dual system Is used, each bank of cylinders has a separate exhaust system with Its own manifold 
exhaust pipe* muffler* and tailpipe, 

a* Dual exhaust system <flg 3-14)* The dual exhaust system permits the exhaust gases to travel 
In a stralghter path to the rear of the vehicle; therefore, the dual exhaust system causes less back 
pressure thsn the single and la desirable for best engine performance* However* the additional 
parts that are required make dual exhaust systems more expensive than single exhaust systems* 
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Fig 6-14. Dual exhaust system 

k Single exhaust system* If a single exhaust ayitem la used on a V*type engine, the exhaust 
gases from the two banks of cylinders must be brought together at some point On some engines a 
crossover pipe made from a steel tube connects the two exhaust manifolds togeiner* Exhaust 
gases from both cylinder banks then leave through one exhaust pipe that is competed to one of the 
exhaust manifolds, Another method used la to bring together the exhaust pipes from the right and 
left cylinder banks, forming * "Y" connection* 

c. Intake manifold hot spot on V*typc engines* The Intake manifold hot spot on a gasoline 
VHype engine generally has exhaust openings that lead from each of the two banks of cylinders 
directly Into exhaust passtgee In ths Intake manifold* Exhaust gases flow through the passages 
and the hot spot when the exhaust pressure is greater at one bank of cylinders than at the other* 
UsuallV the balance of exhaust pressures between the banks ol cylinders is controlled by a heat 
control valve located at the outlet of one exhaust manifold* 

6-9* EXHAUST OPERATED TtJRBOCHARGER 

A turbochsrger* when used* la mounted In the exhaust system* Its turbine housing la generally 
connected directly to the outh I of the exhaust manifold* All exhaust gases leaving the manifold pats 
through the turbine bousintf to drive the turbochsrger, and the** escape through an exhaust elbow 
to the exhaust pipe* Driving the turbochsrger slows dovn the exhaust gases some and* as you know, 
slowing down the exhaust gases reduces the engine's power output* With the turbochsrger* however* 
any power lose due to slowing the exhaust gases is more than made up by the increased intake air 
pressure (fig 3- 15)* 
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Pig 5*15* Turbocharger* 



5*10* SPECIAL BYPASSES 

Water tankers of the 2 1/2 ton-eerie* trucks have a special bypass In their exhaust systems* 
The bypass Is used In cold weather to direct the hot exhaust gases Into a heat chamber under the 
water tanks to help keep the water from freezing. A bypass control valve ia mounted In the exhaust 
system at the rear of the exhaust pipe and In front of the muffler. The control valve can direct 
the exhaust tfeeee either to the muffler or to the heat chamber under me water tank* A control 
lever to operate the bypass control valve is located In the vehicle cab (fig 5*18h 




Fig 5*18, Special bypass* 
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5*11* MAINTAINING THE EXHAfST SYSTEM 

Maintenance of exhaust systems la about the same regardless of which type of vehicle you 
are working on. To prevent repeating procedures* the inspection and some common repair 
procedures wUl be covered "before continuing on to any particular vehicle* 

a. Inspecting the exhaust system (flg 6-17K To Inspect the exhaust system you will depend 
mostly on your senaes of sight, hearing* and touch* Start at either end of the exhaust system and 
work toward the opposite endt inspecting for leaks *nd tor loose* missing* defective* and impro- 
perly positioned components* Above all* don't run a vehicle engine for more than a minute or two 
unless it Is located In a wall -ventilated area* Otherwise* you may become a victim of carbon 
monoxide poisoning* Also, watch that you don't burn yourself on any of the parte of the hot 
exhaust system* 



(1) Exhaust leaks (fig 5-18), Exhaust gas leaks are your biggest problem* You must make 
sure that you And and make a note of all of them* regardless of hdw email they are* Bad 
leaks make a lot of noise* so you can easily locate the general area from which they are 
coming* Small leake can be heard if you momentarily plug the tailpipe outlet This causes 
any leaks to make a hissing noise due to back preeeure building up in the exhaust system* 
After you find the general area of the leak, hold your hand near the T uspected leak. Escaping 
gaees may be felt striking your hand. But be careful that you don't get your hand too close 
and get burned* 




BECAUSE W£ ARE JUST SITTING HERE WITH 
THE ENGINE IDLING. IF WE OONT GET ENOUGH 
FRESH AIR, THE EXHAUST GASES MIGHT Kill US. 



Fig 8-17. Propsr air ventilation. 





Fig 5-18* Checking extaust leaks* 



(2) Tightness, Inspect the exhaust manifold for tightness and cracks* Look closely for 
traces of carbon deposits that may indicate a leak* Also* check to make sure that the heat 
control valve for the manifold hot spot operates freely* All heat deflectors and shields 
must be secure and properly positioned to protect nearby parts from the beat, 

(3) Hust and corrosion, When inspecting the exhaust pip^ muffler, and tailpipe, pay 
particular attention to damage caused by rust and corrosion as they are the main causes 
of these parts going bad* Often a muffler may look all right from the outside but may be 
rusted away on the inside* Bump the muffler several times with your hand. If it rattles on 
the inside, the battles are rusted loose and the muffler Is ready for replacement* 

(4) Hangers* All parte must be held securely in the proper position by the hangers and not 
allowed to bump or rattle against the vehicle body, frame, or power train parte* Ample 
space must exist between all hot exhaust system parte and items such as electrical wiring, 
brake hosesj and fuel lines* These parte do not even need to touch in order to burn away 
the insulation on a wire or to boil fufcl in a line* 

(ft> Ments, Any largo dents In the muffler, exhaust pips, or tailpipe will slow down the flow 
of escaping gases and reduce engine power, A muffler that is full of carbon deposits will 
also restrict gas flow* You cannot see this kind of restriction but if it is suspected, connect 
a vacuum pressure gage to the Intske manifold* If the exhaust system la restricted, the 
manifold vacuum will read normal when the engine is first started but will drop rapidly* 

b* Jh'Palrlng the exhaust system, Repair of the exhaust system Is mostly limited to the replace- 
ment of parts* No attempt should be made to remove parts while they are still hot from engine 
operation* 

(1> NutH and holts* Because the threads of nuts, studs, and bolts in the exhaust system are 

generally rusted and badly stuck, you will have to be very cautious to prevent twisting off the 
studs and belts in the manifold or engine* Penetrating oil placed on the threads of stubborn 
bolts and nuts will help a lot* On items such as clamps, where bolts can be replaced without 
drilling out %u? broken pieces, it Is usually better to Just twist the bolts off and reinstall 
lew ones if the threads are badly rusted* Brass nuts ara used in locations where rust and 
corrosion affect steel nuts and the studs are not replaceable or would be very hard to replace* 
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Pay particular attention to make sure that you reinstall brass nuts everywhere they are 
supposed to be used. Always make aure thet the threads of all nuts, atuds, and bolts 
are clean :md In good condition before replacing the components* 



(2) Mounting flanges (rig 5-19), You cannot expect to atop exhaust leaks If the mounting 
(langea of an exhaust manifold are defaced or out of altnement Check for Range aline- 
ment by using a airalghtedge and a feeler gage as shown in the illustration* Minor 
scratches and burrs can be removed Mrfth a fine, flat mill file* If a manifold has mis* 
alined flanges or low spots that cannot be corrected by light filing* it should be replaced* 
Cast iron manifolds are very easy to crack, so be sure to use the tightening procedures 
recommended in the proper vehicle TM* 



(3> Kxhaust pipe, muffler, and tailpipe. The replacement or the exhaust pipe, muffler, and 
tailpipe Is done from under the vehicle* On smaller vehicles it wlU probably be necessary 
to use jacks and stands to lift the vehicle to provide working spice. On civilian-type 
vehicles it is usually necessary to position the stands under the frame so the rear axle will 
drop down, providing enough clearance between the body and axle for removing the tailpipe. 
On a lot of vehicles It la necessary to remove brackets, heat shields, propeller shafts, 
and other components before the pipes and muffler can be removed* When flange-type 
connections are used between the muffler and pipes, replacement of the parts is fairly 
easy* However, when the pipes and muffler slip together, you can expect problems since 
the connections are usually rusted together* One method of loosening rusty pipe connections 
Is to cut them tree with a chisel or hacksaw* This method la fine if both the pipe and the 
muffler are being replaced* But If only one component is bad, there is a possibility 
that cutting the connection apart will damage the good component Another method 
of loosening rusty connections la to heat them with a torch. After heating, loosen the 
connection by moving one pipe from side to side while pulling it free* Extreme caution 
must be used to prevent starting a (Ire when using the torch under a vehicle* 




Fig 5-19* Checking flange allnement 
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 
Lesson S 

Construction and Operation of Exhaust Systems 

STUDY ASSIGNMENT: MCI 35fr25a+ Automotive FUel and Exhaust Systems* chap 5, 

LESSON OBJECTIVE: Upon successful completion of this lesson, you wUl be able to identify the 

basic construction j function, and repair of the engine exhaust systems* 

WRITTEN ASSIGNMENT: 

A* Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question* After the corresponding number on the answer sheet, blacken the appropriate box* 

Value: 1 point each 

I* To direct the exhaust away from the vehicle operator's and passenger's compartments is 
the function of the 

a* exhaust system* c* supercharger system* 

b, flame heater system* d* air Induction system* 

2* What is the purpose of the exhaust manifold? 

a. Collects burned gases from the cylinders and direct them Into the exhaust pipe 

b, Expels burned gases Into the cylinders 
c* Expels burned gases Into the muffler 

d. Discharges burned gases Into the tailpipe 

3* What function does the Intake manifold hot spot have In the exhaust system? 

a* Acts as a prestarter for a cold engine 

b* Limits the flow of exhaust pressure 

c* Heats the fuel~air mixture when the engine is cold 

d* Operates the temperature gage sending unit 

* 

4 * The exhaust pipe is the passageway for exhaust gases to flow from the manifold to the 

a* tailpipe* c* intake hot spot* 

b, muffler* d* tailpipe extension* 

5* The exhaust pipe size is determined to a large extent by the size of the engine while the 
exhaust pipe length is determined by the 

a* horsepower of the engine* c* type of fuel used* 

b, type of engine* d* design of the vehicle* 

6* Which component In fhv exhaust system Is designed to reduce engine exhaust noise? 

a* Manifold c* Muffler 

b* Exhaust pipe d» Tailpipe extension 
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7 4 What curries the exhaust gases from the muffler outlet to a point where they can be safely 
ejected from the vehicle? 

a* Exhaust pipe extension c t Exhaust pipe 

b* Exhaust manifold d* Tailpipe 

fl* Why can a smaller diameter pipe be used for the tailpipe than is used for the exhaust pipe? 

a 4 The gases in the tailpipe have expanded* 

b* The gases in the tailpipe are hotter and have contracted* 

c* The gases in the tailpipe have cooled and contracted* 

d* The smaller pipe will produce a greater back pressure* 

9* What is usually required to prepare a vehicle for deep water fording? 

a, A new tailpipe c* A special intake manifold 
b t A tailpipe extension / d* A dual exhaust system 

10* The dual exhaust Is preferable to a single exhaust mainly because it 

a* Is easier to install and maintain* 

b* is less expensive than a single exhaust system* 

c 4 causes less back pressure and aids engine performance* 

d. causes more back pressure and eliminates tUe straight path to the rear of the vehicle* 

1 1 , Single exhaust systems are used more often than dual exhaust systems because single exhaust 
systems an* _ _ expensive* 

a * less c* just as 

b, more 

12 * The dual exhaust system permits exhaust gases to 

u* be brought together at some point, 

b* form a "Y° connection* 

c 4 create more back pressure. 

d. travel In a straight path to the roar of the vehicle* 

13* The lute of a turbocharger results in 

a* increasing the speed of the exhaust gases. 

b* increased power* 

e* a reduction in engine power output* 

ctt a <lerrc*aKc in intake air pressure* 

14* When a turbocharger is used, it is driven by 

a* a pulley off the water pump* 

b. direct drive from the opecial bypass system* 

c, exhaust gases* 
d 4 intake gases. 

13* Kxhaust gases are directed into a heat chamber under the water tank of a tanker by 

a. a turbocharger* c* special bypasses* 

b* an exhaust manifold* d* an exhaust pipe. 
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1G* When Inspecting the exhaust system, what is the most important thing you must check for? 



17 4 You are making a safety Inspection of the exhaust system* On what will you mostly rely? 

a* Your test instruments 

b* Your senses of sight, hearing, and touch 

o* The section SOP 

d* The quarterly preventive maintenance sheet 
18* Never run a vehicle engine for more than a minute or two unless It to 

a* In a well* ventilated area* c* outside* 

b* topped off with fuel* d* at the proper operating temperature* 

19* Let's assume that there is a leak in the exhaust pipe of the vehicle you are working on* 
flow would you go about correcting the defect? 

a* Enlarge the hole till you reach good metal, then patch it with a metal piste* 

b* Cut the defective portion of the pipe out and weld In a new section* 

c 4 Replace the exhaust pipe* 

d* Replace the exhaust system as a unit* 



♦0*S* tiOVEHHMEMT HUHTING OrflCEt l9&2-<KMit-:Jl&/V*51 



a* Must and corrosion 
b * Missing hangers 



e * Denta 

d* Exhaust gas leaks 



Total Points; 19 
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RELATED TRAINING EXTENSION COURSES (TEC) 



If you desire to pursue your studies In this area* you should see your training NCO 
and/or training officer for the local procedures for taking one or all of the below listed TEC 
lessons* These lessons are audio* visual in nature* utilizing a TV like viewer along with an 
audio tape* Each takes from 30 to 60 minutes to complete and 1* available from your local 
Training Support Center* 



Systematic Inspection for the 2 1/1 Ton Truck 944~091*002F 
Wheeled Vehicles Checks and Services* Cams 944-441 -0014F 



Goat 



Environmental Hazards (Carbon Monoxide 
Poisoning) 
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